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The rapeseed-mustard crops are gainihg wide acceptance among the farmers 
mainly because of their adaptability for both irrigated and rainfed areas, suitability as 
sole and mixed cropping; higher return with low inputs and low water requirement. 
Oil is a rich source of energy, which contains less saturated fatty acids than groundnut 
and coconut. Rapeseed-mustard oil is considered to be the ideal input for pickle 
industries and consumed by millions who cannot afford other oils, which are 
considered to be safer for human health. Since there is a lot of gap between the yield 
potential and the present actual yields, these important oilseed crops therefore need 
special attention. 
Frost and aphids attack are the main constraint for the low productivity. 
Realising the importance of this crop, it was felt germane to determine some of the 
major components of integrated pest management so as to evolve effective strategy 
against economically important insect-pests in mustard ecosystem. The effect of 
sowing period, screening of different cultivars/germplasms for aphid tolerance, 
efficacy of insecticides to the mustard aphid, Lipaphis erysimi (Kaltenbach) vis-a-vis 
their impact on dynamics of the potential predators {Coccinella septempunctata L. 
and Ischiodon scutellaris Fabricius), predation potential of these predators and their 
life-tables under controlled and natural conditions were extensively studied 
The comparative data obtained for insect-pest succession showed significant 
difference in the population build-up of L. erysimi on cv. Varuna on different sowing 
dates. The maximiun population of 150.50, 428 and 420.95/10 cm terminal 
shoot/plant was recorded in the fourth week of January at first sowing, second week 
of February at second and fourth week of February at third mowing during 2000-01. 
The corresponding range of temperature and relative humidity during varied sowing 
dates were recorded as 8.2-21°C and 44-75% RH; 8.8-23.7°C, 44% to 75% RH; 10.5-
24.6°C, and 38 to 83% RH. Favourable temperature and humidity was a clear 
indication of high population during second and third sowing. The earlier planted crop 
exhibited better growth due to stored moisture with minimum incidence of aphid than 
the crop planted at later dates. The population of mustard sawfly, Athalia lugens 
proxima was noticed at the seedling stage of the crop. The population count of this 
species reached maximum (0.32/pIant) during second and third week of November at 
first sowing when temperature and humidity were in the range of 27.7-13.4°C, 42-5%. 
However, at second and third sowing, the higher population of 0.08, and 0.04/pIant 
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was encountered in the first week, and second and third week of December, 
respectively. The corresponding range of temperature and relative humidity were 6-
23.9°C, 6.8-23.2°C, and 35-82, 38-86% RH. The leaf miner (C. horticola) 
commenced its attack from third week of December and continued till fourth week of 
February showing highest population of 1.58 mines/plant in the last week of first 
sowing when the tertiperatiu-e and relative humidity ranged between 10.5-24.6°C and 
38-83%. In second and third sowings, the infestation further intensified and reached to 
a maximum of 6.64 and 5.78 mines/plant in the first week of March. During this 
period, the favourable temperature and relative humidity were 10-26.7°C and 30-78%, 
respectively. The activity of painted bug was recorded at the seedling stage during 
first sowing at a temperature range of 14-26.6*^ 0 and 51.7-92.7% RH, the high 
population (0.16/plant) was witnessed in the third week of November, during second 
and third sowing. In the second and third sowings, this species appeared at seedling 
stage as well as crop maturity. The maximum population of 0.04/plant was recorded 
at both stages. As far as larvae of cabbage butterfly {P. brassicae) were concerned, in 
the first and second sowings, two attacks were witnessed, first at seedling and 
thereafter at pod formation stage. At seedlirig stage of first sowing, the numerical 
strength of larvae was low (0.32/plant) as compared to high (0.64) at pod formation 
stage in the first week of February at a temperature and RH range of 8.6-22.4°C and 
30-79%. Nonetheless, its maximal strength to the time of 0.64 (third week of 
December, 8.9-23.7°C and 39-88% RH), and 4.00/plant (fourth week of February, 
10.5-24.6°C and 38-83%) were recorded in the second and third sowings, 
respectively. 
Syrphids exhibited peak activity in the second and fourth week of February 
(temperature ranged between 10.6-24.7°C and RH fi-om 40-82%) during first and 
second sowing and fourth week of February as well as first week of March in the third 
sowing (10.6-25.6°C and RH 34-80.5%), respectively. Their corresponding 
population was 2.50, 1.16, and 2.54-maggots/lO cm terminal shoot/plant. While the 
coccinellids attained the maximum count of 3.24 (fourth week of February), 4.32 
(second week of February) and 3.52/plant tsecond week of March) during first, 
second and third sowings, respectively. The corresponding range of temperature and 
relative humidity were 10.5-24.6''c and 38-83%, 8.8-23.7°C and 47-80%, 15.2-20.5''C 
and 34-65%. 
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Perusal of data for the population dynamics of various pests for the year 2001-
02, showed that, the mustard aphid revealed a high count of 17.80/10 cm terminal 
shoot/plant during first week of February at the first sowing when temperature and 
RH ranged between 7.8-19.8°C and 54-83%. However, the populations increased 
manifold (105.16 and 127.44/10 cm terminal shoot/plant) during third week of 
February at second and third sowings. During this period the range of temperature and 
RH were 12.7-26.2°C and 38-75%. Mustard* sawfly was however, recorded at the 
seedling stage. In the first sowing at 10.2-26.6°C and 26-76% its highest population 
(0.24/plant) was noticed in third week of November followed by 0.16 in third week of 
December and 0.12 in the first week of January) during second and third sowings, 
respectively. The crop was infested with larvae of P. brassicae from the first to fourth 
week of January during first sowing, showing highest population counts of 4.52/plant 
in the third week of January. The temperature range between 7.9-18.2°C and RH 52-
83% were recorded during this period. The population of this species fiirther 
intensified towards maturity during second and third sowings. The corresponding 
population counts were 4.12/plant (fourth week of February) and 16.36/plant (second 
week of March). The leaf miner appeared from the third week of January, at first and 
second sowings followed by fifth week of January in third sowing. Their 
corresponding peak populations were 0.92, 5.48, and 3.72 mines/plant, respectively. 
The painted bug was recorded at negligible counts during seedling stage of all the 
sowing periods. They attained maximum strength of 0.16 (third week of November), 
0.08 (fourth week of November) and 0.04/plant (second week of December) in first, 
second and third sowings, respectively. The corresponding temperature and relative 
humidity of the observational periods were 10.2-26.6°C and 26-76%, 9.8-24.7°C and 
29-77%, and 10.8- 21.6°C and 50-88%. 
The activity of the syrphids was recorded fi-om January onwards. Their 
maximum population synchronised with the highest numbers of aphids. The peak 
population of 1.32/10 cm terminal shoot/plant, was found in the second week of 
February during first sowing at a temperature of 9.5-20.4°C apd RH 48-90% followed 
by 0.36 on fourth week of February when temperature and RH ranged between 12.8-
22.2°C and 55-82%, respectively. Similarly, coccinellids were found to be at a high of 
1.72, 2.16 and 2.32/plant in the first week of March during first and second sowing 
and fourth week of February at third sowing, respectively. The respective range of 
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temperature and RH of above observational period varied from 13-26°C and 32-72% 
RH, 12.8-22.2°C and 55-82% RH 
The mean aphid infestation index revealed that most of the 
cultivars/germplasms were susceptible to aphid attack (MAII>2). The germplasms, 
RH-30, Bio-772, RH-8113, and Sej-2 were found to be relatively safe (MAIK2), and 
hence were adjudged suitable for cultivation. 
To determine the effect of various abiotic (maximum and minimum 
temperature, maximum and minimum relative humidity, evaporation, rainfall and 
wind velocity) as well as biotic (syrphid and coccinellid) factors on the population 
build-up of mustard aphid during different sowing dates, the data was subjected to 
multiple correlation regression analysis. It was inferred that high degree of positive 
correlation existed between the different variables and the mustard aphid. On further 
exploration it was discerned that syrphids were the single factor influencing the 
mustard aphid population in first and third sowings of 2000-01 and first and second 
sowings of 2001-02. Nonetheless, coccinellids put the pressure on the aphid 
multiplication during second sowing of 2000-01. However, rainfall was the limiting 
factor during third sowing of 2001-02. 
When the relative performance of most widely used insecticides by the 
farming community of Aligarh and its adjoining areas for the control of Lipaphis the 
in mustard ecosystem was evaluated, it was found that phosphamidon (0.03%), 
oxydemeton-methyl (0.03%) and chlorpyriphos (0.05%) were statistically superior to 
others. Different treatments also reflected differential response on net profit and cost: 
benefit ratio. The highest monetary return of Rs. 18885.05/ha was obtained from the 
crop treated with phosphamidon (0.03%) while the lowest (Rs. 7279.673/ha) was 
from neemarin (1:100 dilution). Similar was the trend with respect to cost: benefit 
ratio (CBR), the maximum CBR of 1:71.94 was achieved from the phosphamidon 
(0.03%) treated crop followed by 1:22.95 (malathion and dimethoate), 1:16.62 
(endosulfan), 1:16.40 (oxydemeton-methyl), ] :9.72 (chlorpyriphos) and 1:6.08 
(neemarin). 
All the insecticide treatments showed their impact on the population dynamics 
of C. septempunctata and /. scutellaris. Neemarin (1:100 dilution) and endosulfan 
(0.05%) were found safe against predators. Phfjsphamidon (0.03%) followed by 
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oxydemeton-methyl (0.03%) Were the most toxic, - ..Mereas others showing 
intermediate effect. ' ' • . , 
When the predation potential of C. septempunctata and /. scutellaris was 
ascertained, syrphids exerted maximum and minimum feeding potential at fluctuating 
temperatures of 18/24±1°C and 24/28±l°C, respectively in both the generations. 
Similarly, C. septempunctata consumed more aphids at a constant temperature of 
18±1°C, while fluctuating temperature of 24/28+l°C proved to be the least favourable. 
While constructing the age specific life-tables at varying temperatures (18, 24, 
28, 18/24, 18/28, 24/28±l° C) coupled with 70±5% relative humidity each, it was 
evident that C. septempunctata needed a maximum of 68 days to complete its cycle at 
18±1°C and a minimum of 40 days at 2811*^0. In contrast, /. scutellaris required 
longest duration of 52 days.at 18+1°C, while, the shortest time period of 29 days was 
required at 28±l''C and 24/28±l°C. Life expectancy (ex) showed slow and steady 
decline throughout the generation at all the temperatures for both species. A marginal 
increase in ex was however, recorded at certain age intervals of the larvae. 
A cursory glance over comparative stage specific life-table at different 
developmental stages and generations of C. septempunctata at three constant and 
fluctuating temperatures revealed that the apparent mortality and mortality survivor 
ratio were of high order (15%) at the egg stage at 28±1°C (gen. II) and 0.13 at pre-
pupal stage at 18±1°C (gen. II), 24/28±l°C (gen. II) whereas for /. scutellaris the 
values were 27.14% and 0.37 at pupal stage at 24±l'^C. The total generafion mortality 
'K' recorded a high of 0.2147 at 24/28±l°C for C septempunctata and 0.2924 at 
18/24±1°C (gen. I) for /. scutellaris, in contrast to low of 0.1427 at 18±1°C (gen. I) 
and 18/24±l°C (gen.. II) and 0.0809 at 18/24±l^C (gen. I) for C septempunctata and /. 
scutellaris, respectively. Thus it was inferred that temperatures of 18±1°C and 
18/24± 1 C were favourable for the overall development of C. septempunctata while 
18/24± 1 ^ C for /. scutellaris. 
It was inferred from the life and fertility-tables for C septempunctata that the 
ovipositional period ranged between 9 to 21 days at 28±1°C (gen. I, II) and 18±1°C 
(gen. II), respectively. Maximum potential fecundity (211.65 eggs/female) was 
obtained at 18±1°C (gen. I) as compared to minimum (74.35 eggs/female) at 
24/28±l'C (gen. II). The net reproductive rate happened to be a high of 62.96 at 
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18±1°C (gen. II) against a low of 16.73 at 28±1°C (gen. I). The longest mean length of 
.generation (55.70 days) was obtained at 18±1-G (gen. II), while the shortest (34.41 
days) at 28±1°C (gen. II). Correspondingly, accurate intrinsic rate of increase was of 
high order (0.096720) at 18/24±1°C and low (0.075091) at 18+1°C in the second 
generation. Doubling time exhibited pronounced variation wherein the longest 
duration of 9.23 days was observed at 18±1°C (gen. II) and shortest 7.17 days at 
18/24°C (gen. II). It was found that maximum annual rate of increase to the tune of 
2E+015 was at 24±1°C, 18/24±1°C while the minimum, 8E+011 at 18±1°C during 
second generation. 
As far as /. scutellaris was concerned, the maximum interlude for total natality 
of 11 days was at 18°C (gen. I) contrary to the minimum of 6 days at 24'*C, 18/28°C 
and 24/28±l°C (gen. II). The highest input (30.98%) of egg laying was on 28.5 day at 
24/28°C (gen. I) and the lowest (12.38%) on 35.5 day at 18±1°C (gen. I). Potential 
fecundity and net reproductive rate exhibited maximum value of 21 eggs/female and 
7.15 at 18°C (gen. I) against the minimum of 1.58 followed by 9.20 at 24/28±l°C 
during first and second generations, respectively. The longest mean length of 
generation (38.08 days) was recorded at 18±1°C and.shortest (25.38 days) at 28±1°C. 
The intrinsic, finite, and annual rate of increase encountered superior values of 
0.05557, 1.06, 7E+08 at 18/24°C (gen. II) as compared to inferior of 0.017876, 1.02 
(24°C gen. I), 7E+002 at 24/28°C, gen. I, respectively. The longest doubling time 
(38.78 days) was at 24/28°C (gen. II) while the shortest (12.44 days) happened to be 
at 18/24°C (gen. II). Thus from these parameters it could be inferred the 18°C and 
18/24"C were favourable temperatures for multiplication of C. septempunctata and 
18/24°C for /. scutellaris. 
The data collected during field studies for two successive years on age specific 
survivorship (Ix) of C. septempunctata and /. scutellaris revealed that the survivorship 
declined at a faster rate for the first 2-4 days of development. This decline coincided 
with mortality of eggs and juvenile larvae. However, intermittent stability in Ix was 
encountered throughout the life period of both species and during both the years. The 
life expectancy (ex) declined gradually with the advancement of insect age. However, 
negligible increase in ex was recorded at certain age intervals. From stage specific 
life-table, it was concluded that abiotic factors had a direct bearing on the population 
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build-up of C septempunctata (K=0.2076) whereas abiotic and biotic factors 
(hyperparasitoids: tachinid fly and Diplazon orientalis) played vital role (K=0.4815) 
against /. scutellaris. 
While constructing fecundity-table, it was found that C. septempunctata 
recorded higher potential fecundity (155.85 eggs) and doubling time (8.34 days) 
during 2001. Conversely, significant values for net reproductive rate (51.10) mean 
length of generation (43.61), intrinsic rate of increase (0.090739) and annual rate of 
increase (2E+014) were "recorded during 2002. For /. scutellaris the trend was similar 
for both the years, wherein the maximum potential fecundity (16.60) was recorded in 
the first generation (2001) while the net reproductive rate, intrinsic rate of increase 
and annual rate of increase exhibited higher values of 2.12, 0.021900, 3E+003, 
respectively in the second generation. 
FUTURE THRUST AREAS 
The rapeseed and mustard are gaining popularity among the farmers because 
of their adaptability for both irrigated and rainfed areas. However, fall in production 
during the last four years from 6.66 Mt in 1996-97 to 4.21 Mt in 2000-01 and the area 
under production from 7.04 M ha in 1997-98 to 4.83 M ha in 2001-02 have indicated 
that the farmers are loosing interest in these crops or shifting to another alternate 
crops. This issue needs immediate attention and to be dealt with right earnest. 
The mustard aphid, L. erysimi (Kaltenbach), is a proven menace to the mustard 
crop and other cruciferous plants in India. This species survives on off-season 
herbaceous cruciferous plants in and around the crop fields and makes the seasonal 
colonization on mustard, cauliflower, cabbage, and other cruciferous crops. Chemical 
control is the effective means of saving the crop from the recurring incidence of this 
pest species. But hazardous effects of chemical control are' well known. Integrated 
control strategy is gradually replacing the chemical control methods. Use of 
biocontrol agents in suitable combination with selective insecticides will be effective 
and non-hazardous means of achieving pesji control. The parasitoid, Diaeretiella 
rapae (McTntosh) and predators viz., Coccinella septempunctata and different 
syrphid species, have been evaluated to be the effective biocontol agents of I. erysimi. 
They show strong preference for L erysimi in Indian conditions. Their use is likely to 
be effective in mustard crop selectively treated with insecticides. The real damage of 
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the mustard crop is at the later part of the vegetative phase. At this stage effective 
biocontrol agents are generally in the process of building up of their populations. 
Therefore, certain vision coupled with a strategy can prove a milestone to overcome 
the hazards of chemicals on the one hand and cumulative implementation of cultural, 
physical, chemical and biological methods on the other. The aspects to be pondered 
over include, manipulating the planting dates, providing the farmers with mustard 
tolerant and early maturing varieties, introducing more natural enemies by 
augmenting them in captivity in a mass rearing prograimne and releasing them in the 
field, making better use of resident natural enemies, use of eco-friendly insecticides, 
strictly at the recommended doses, mass scale interaction with the farmers so that they 
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Introduction 
Oilseeds are important in the national agricultural economy as it share about 
13 per cent of the country's gross cropped area and contribute-about 5 per cent to the 
gross national product and 11 per cent value of all agricultural products. India has the 
distinction of being the world's largest oilseed grower sharing 25.6 million hectares 
out of the 125 million hectares of the World. With the globalization of agriculture and 
rapidly changing agricultural scenario, contribution of oilse'ed development on one 
hand and availability of edible oils at cheaper rate to the masses on the other, assumes 
greater significance. The forecast for consumption of edible oils in the country by 
2010 AD is 14.6 million tormes where the oil crops will be able to provide 12.3 
million tones. Therefore, a shortage of 2.3 million tonnes is to be compensated 
through imports. Similarly, the oilseeds production is forecasted to reach 37 million 
tonnes as against the requirement of 44 million toimes during these periods. However, 
the production suffers every year due to biotic and abiotic stresses (Table 1) 
The oilseed crops grown widely in India include groundnut, rapeseed-mustard, 
sesame, castor, linseed, niger, safflower, soybean, and sunflower. The genus Brassica 
comprises four species viz., B. juncea, B. campestris, B. napus and B. carinata. Of 
these, B. campestris and B. juncea together are called rapeseed and mustard. These 
two species are adapted to the Indian subcontinent as winter season crops and hence, 
are widely grown in north Indian region and parts of central India covering various 
agro-ecological zones. Rapeseed-mustard is next to groundnut in both area and 
production in the country, whose corresponding share in oilseed production is about 
32 and 39 per cent. It occupied 4.83-million hectares area with a production of 5.34 
million toimes during 2001-02 thereby contributing 28.5 per cent of the total oilseeds 
production (Table 2). A careful survey of the area demonstrates that the area increased 
till 1997-98, and thereafter, it started declined. Further, the area under production has 
considerably decreased from 6.03 million hectares in 1999-2000 to 4.47 in the next 
season with a corresponding decline of 1.58 million toimes in terms of production. 
During 2001-02, there was a marginal increase of 0.36 million hectares in the area of 
production and 1.13-million tonnes production was recorded. During the last two 
decades showed a phenomenal growth was recorded as compared to the period 1951-
52. 
Rapeseed-mustard is the principal crop of Uttar Pradesh (India) accounting 
for 26.06 and 24.7 per cent area and production of the total in India. The state has 
Introduction 
however, about 54.24 per cent area and 67.22 per cent production of rapeseed-
mustard out.of the total oilseeds grown in the state. The potential districts of U.P 
identified for increasing the area, production and productivity of rapeseed-mustard are 
Agra, Kanpur, Etawah, Kheri, Mathura, Aligarh, Gonda, Mainpuri, Etah, and 
Allahabad. 
/The rapeseed-mustard crops are gaining wide acceptance among farmers 
mainly because of their adaptability to both irrigated and rainfed areas, suitability as 
well as mixed cropping; higher return with low inputs and low water requiremeriy'Oil 
is a rich source of energy and contains less saturated fatty acids than the groundnut 
and coconut. Rapeseed-mustard oil is considered to be the ideal input for pickle 
industries and consumed by millions who cannot afford com, sunflower and safflower 
oil, which are considered safer for human health. These important oilseed crops 
therefore, need special attention because there is a lot of gap between the yield 
potential, and the present, actual yields./This is a challenge before us, which needs to 
be addressed. Besides a number of factors are responsible for its low productivity e.g., 
insect-pests cause moderate to heavy losses in the yield. Chief among them is the 
aphid which alone can cause huge losses. The colossal yield losses, therefore, warrant 
the development of strategies for effective management. Although, use of resistant 
varieties has been stressed but due to lack of highly resistant varieties, the farmers are 
forced to depend on chemical control, which has resulted in the build-up of insect 
resistance to various commonly used insecticides, and accumulation of the harmful 
residues beyond permissible limits. Hence, there is urgent'need for integration of 
available techniques for effective management of important pests of rapeseed-
mustard. 
It is very well documented that rapeseed-mustard harbours about 40 insect-
pests (Bakhetia and Sekhon, 1989) where about half a dozen are serious threat to 
cultivation of these crops. Among them, the mustard aphid {Lipaphis erysimi, Kalt.), 
is the key pest. Severe infestation of this pest results in complete loss of the crop 
(Bakhetia and Sekhon, 1989). Other important pests include mustard sawfly (Athalia 
lugens proxima, Klug.), painted bug {Bagrada hilaris, Burm.), and leaf miner 
{Phytomyza hordeola, G.). 
The manipulation of planting dates takes advantage of the absence of the pest 
or avoids susceptible stage of the crop. It should synchronise with the most inactive 
Introduction 
period or lowest pest population. The host-plant resistance approach to pests involves 
the breeding of desirable traits but is less attractive to pests for e^gg laying and 
i 
subsequent development of insect, disease or nematode without infestation. A number 
of promising lines have been reported to have resistance to the mustard aphid. They 
use three mechanisms of resistance i.e. non-preference, antibiosis, and antixenosis, 
which render the plant some effective characters in combating the mustard aphid 
attack. The differential response of different Brassica species can be employed in 
IPM. The resistant variety usually exerts pressure on the development of insects, it 
goes slow, hence fewer number of sprays for achieving the effective control of the 
pest. Chemical control tactics are available to effectively contain the insect menace in 
these crops. However, besides the spiraling cost of insecticides, there are several other 
drawbacks of the chemical control, which include the reduction of the bio-diversity of 
natural enemies, outbreak of secondary pests, development of resistance to pesticides 
and contamination of food and the natural ecosystem. 
Natural enemies play a key role in containing the population of crop pests, 
and therefore, their conservation and augmentation are of great importance. The 
mustard aphid is known to be preyed upon or parasitised by a large number of 
predators/parasites like coccinellids, syrphids, chamaemyiid and parasitoids, 
particularly, Diaeretiella rapae. Isolates of Beauveria bassiana have been found 
effective against aphids. Two coccinellid species, Coccinella septempunctata and 
Cheilomenes sexmaculata and nine syrphid species viz., Episyrphus alternans, 
Metasyrphus confrater, Ischiodon scutellaris, Episyrphus balteatus, Scaeva 
latimaculata, Melanostoma orientale, Betasyrphus seratius, Metasyrphus 
latilunulatus and Sphaerophoria Indiana have been recorded from the rapeseed-
mustard ecosystem. But out of these Coccinella septempunctata Liimaeus and 
Ischiodon scutellaris (Fabricius) have been found to be the most potential candidates 
(Singh, 1994, Devjani et.al., 1997, and Chitra Devi et.ai, 2002) for natural 
suppression of Lipaphis erysimi (Kaltenbach).. 
It is therefore, imperative that a holistic approach is to be adopted and the 
available pest management strategies need to be combined in a harmonious manner so 
that the situation is not aggravated to a point of no return. An efficient and reliable 
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population monitoring technique has to be evolved for timely integrated management 
of the mustard aphid. Thus, it is essential to follow the concept of Integrated Pest 
Management (IPM). 
Keeping in view the above facts, the experiments were designed with 
following specific objectives: 
• Succession of insect-pests at various crop growth stages. 
• Effect of date of sowdng on population builds up of various insect-
pests. 
• Screening of different germplasms/ cultivars against Lipaphis erysimi. 
• Effect of bio-rational pesticides on the abundance of aphids and 
beneficial insects (particularly predators). 
• Predation potential of Coccinella septempunctata and Ischiodon 
scutellaris against L. erysimi. 
• Life and fertility-tables for C. septempunctata and Ischiodon 
scutellaris under controlled and natural conditions. 
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2.1 INSECT-PEST COMPLEX 
The rapeseed-mustard crop is highly vulnerable to a large number of insect-
pests (Fletcher, 1921) at different phases of plant growth. Rai (1976) listed 24 species 
of insect-pests attacking this crop. However, Bakhetia and Sekhon (1989) reported 38 
insect species harbouring Brassica crop and nearly one fourth were of economic 
importance. Among them, the mustard aphid {Lipaphis erysimi Kalt.) was the key 
pest; it can inflict huge loss to the crop under severe infestation. The mustard sawfly 
(Athalia lugens proximo Klug), painted bug {Bagrada hilaris Burmeister), leaf miner 
{Chromatomyia horticola Goureau), cabbage butterfly (Pieris brassicae Linnaeus.), 
bihar hairy caterpillar (Spilosoma obliqua Walker), pod fly {Melanagromyza sp.) 
(Sharma and Singh, 1990 and Mathur, 1993) and the cutworms are some of the other 
important pests of the crop. They attack the crop at different stages of growth. Hairy 
caterpillar, pea leaf miner, semilooper and larvae of cabbage butterfly damage the 
vegetative stage. The mustard aphid attack is ^  serious throughout the crop season but 
most serious at the flowering phase. The pod borer (Helicoverpa armigera Hubner) 
(Judal and Upadhyay, 1989 and Bakhetia and Arora, 1993), cabbage top borer 
{Hellula undalis Fabricius) and diamond back moth (Plutella xylostella Linn.) are 
some of the other pests that cause damage to flowers/inflorescence (Bakhetia and 
Sachan, 1997). 
2.1.1 LIPAPHIS ERYSIMI 
2.1.1.1 Importance 
The mustard aphid, L. erysimi is the main constraint for qualitative as well as 
quantitative production of mustard in India. Increase in population beyond 25-
aphids/10 cm terminal shoot/plant reduces seed yield by 1.5 kg/ha (Singh et.al, 
1983). The mustard aphid has been recorded from all parts of the country attacking 
every stage of the crop. It has attained the key pest status in rapeseed-mustard because 
of its prolific multiplication and severe damage. 
2.1.1.2 Seasonal History 
In north India, this insect species is present in the fields throughout the year 
showing intense activity in January-February. Its population on brown/yellow sarson 
{Brassica campestris) and raya or rai (5. juncea) reaches the peak during January-
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February under different ecological conditions. March onwards, the population 
declines and is negligible on the crop in April. During summers, it can be searched on 
stray cruciferous plants and weeds in orchards. 
Favourable conditions for rapid multiplication of mustard aphid are mean 
maximum and minimum temperatures of 16 to 30°C and 4 to 12 C, respectively, 
coupled with 60-80% relative humidity. Rainfall below 1.0 cm is useful as it increases 
the relative humidity but higher rainfall is detrimental as it washes and kills the aphid 
colonies (Bakhetia and Sachan, 1997). 
2.1.1.3 Biology 
The immigrant, winged forms (alate) usually alight on the crop in 
September/October and start reproduction. The mode of reproduction is viviparous 
parthenogenetic. From young ones, wingless female mothers develop after a period of 
7 to 15 days. The winged forms, which constitute 5% ' of the population, are 
responsible for the dispersal. An adult female can give rise to 5 to 9 young ones in a 
day. A single female can produce as many as 135 off-springs and the oviposition 
period lasts for 15 to 30 days. One life cycle is completed in 23 to 60 days depending 
on the weather conditions. There are 35-60 overlapping broods in a year, out of which 
-16 are completed on .cruciferous oilseeds (Bakhetia and Sachan, 1997). 
f^.1.1.4 Yield Losses 
L. erysimi is oneof the bottlenecks in achieving higher seed yield of rapeseed-
mustard crop in India. Yield losses due to this nefarious pest varies with the variety, 
environmental factors and agro-technological practices. Different workers have 
reported varying degree of seed loss. Pradhan (1964) observed 87.7% seed loss while 
Bakhetia (1983) reported avoidable losses in an unprotected crop of raya {B. juncea) 
from 34.5 to 73.3%. Few years later, Bakhetia and Sekhoh (1989) calculated the 
average loss of 54.2%, whereas Singh and Singh (1987) calculated 30 to 70% on all 
India basis. 
Increase in exposure period subseque;ntly decreases seed yield (Behera and 
Patro, 1999). Prasad and Phadke (1983) conducted an experiment on the effect of 
aphid infestation to assess the seed yield of different varieties and species of Brassica 
grown for oil and found losses from 8.9 to 71.5%. Loss in yield due to the aphid in 
Review of Literature 
Indian mustard was 94.5% (Malik et.al, 1998). Nonetheless, in the susceptible 
varieties the loss was to the tune of 38.2 to 46.56% against 2.86 to 17.53% in the 
resistant varieties (Singh et.al, 1983). In terms of kg/ha, the loss was to the extent of 
2.2 to 4.8 kg/ha in Brassica napus (Sekhon and Bakhetia, 1994). The different aphid 
species like L. erysimi; Brevicoryne brassicae and Myzus persicae caused 67.61, 
62.51 and 50% seed yield loss, on B. campestris var. toria, B. campestris var. brown 
sarson and B. juncea, respectively (Sharma and Kashyap, 1998). The aphid 
infestation could cause yield loss from 9.59 to 57.46% under arid conditions of 
Rajasthan, India (Satyavir Singh and Henry, 1987). Whereas, in Punjab it was 
recorded to be 91.3% (Vir et.al., 1990) and 69.6% in U.P (Singh and Sachan, 1994). 
2.1.1.5 Economic Injury Level (EIL) 
Aphid multiplication on mustard is dependent upon environmental factors and 
infestation is confined to winter with its peak during January-February. The aphid 
infestation can be managed with the use of persistent, contact and systemic 
insecticides, but this pest requires need-based application of insecticides at an 
appropriate stage so that their residues are not left in mustard grain and oil. Besides, 
the indiscriminate use of chemicals has resulted in wasteful expenditure, development 
of resistance in insects to insecticides, residue problem, resurgence and considerable 
effects on non-target species including parasites, predators and insect pollinators 
(Smith, 1970). Therefore, efforts were made to determine its multiplication in relation 
. to environmental factors along with the assessment of economic threshold of the pest 
for suggesting the need based application of pesticides to achieve the maximum return 
and minimum insecticide input. 
According to Prasad and Phadke (1983) the EIL (economic injury level) of 
mustard aphid at 70, 80, 90, 100 and 110 days after sowing were 3.3, 16.4, 15.7, 26.9 
and 24.7 aphids/shoot, respectively when phorate granules were applied and with 
aldicarb granules the EIL at the above stages of plant growth were 3.7, 17.3, 15.9 and 
11.2 aphids/shoot, respectively. Singh and Singh (1987) reported 9.19 aphids/shoot 
during first and second week of January. Bakhefia et.al., (1989) determined ETL as 
54 to 71 aphids/plant. Toria variety, M-27 recorded EIL of 30 to 40 aphids/10 cm 
terminal shoot during first and second week of January. According to Misra (1995) 
estimated EIL of I. erysimi on toria is 44.59-aphids/lOcm terminal shoot. Recently, 
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Singh and Malik (1998) observed that the EIL was 20.4-aphids/lO cm terminal 
shoot/plant with an index of 0.98 and infestation level of 37.4% besides, the ETL was 
15.42-aphids/lOcm terminal shoot with an average infestation level of 35% and aphid 
index of 0.82 
2.2 EFFECT OF DATE OF SOWING ON POPULATION BUILD-UP OF 
L. ERYSIMI 
Different planting dates take advantage of absence of the pest on a crop. 
There is asynchronisation of the most susceptible stage of the crop with the most 
active period of the pest. Manipulation of planting dates becomes rriore meaningful 
when it is based on pest monitoring. The early planting of mustard from October 15 to 
20, in central to north India, receives less aphid population and provides higher yield. 
Weather and time of sowing affect the incidence of mustard aphid on rapeseed-
mustard crops (Ram and Gupta, 1987). Late September and early October sowings 
result in low aphid incidence and high yields (Bhadauria et.al, 1992, Verma et.al, 
1993, Patel and Patel, 1997 and Singh Jyoti et.al, 1998) but second fortnight of 
October sowings also give good yields (Ram and Gupta, 1987; Rehman et.al, 1989; 
Jadhav and Singh, 1991; Surekha and Reddy, 1996, Prasad and Singh, 1999, 
Srivastava, Ajai, 1999 and Kanth et.al, 2000). 
Vir et.al, (1990) observed that plants sown on different dates during October, 
November and December result in marked differences in aphid populations. 
November sown plants give 18 times greater yield than those sown in December was 
the finding of Islam et.al, (1991), Kanchan^ Baral et.al, (1998). Delay in sowing 
beyond October with different dates in November and December result in progressive 
increase in aphid population on succeeding late sown crops (Jakhmola, 1992, Sonkar 
and Desai, 1999 and Prasad and Lai, 2001). 
2.3 HOST PLANT RESISTANCE 
Screening is the experimental testing of different varieties/cultivars in the field 
to record their resistance/susceptibility against a particular insect causing immense 
losses to the crop in question. Once a variety is confirmed to be resistant to the pest, 
then growing such variety becomes the cheapest method for control of the pest as no 
extra amount is invested on pest management. Resistance of a variety varies from one 
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agroclimatic zone to another. Therefore, its efficiency is to be tested in different 
regions. AgricuUural workers have tested different varieties to confirm their resistance 
to L. erysimi, some of these efforts have been summarised below. 
B. campestris strains are generally less resistant to L. erysimi as compared to 
those of B. juncea (Rohilla et.ai, 1990). The cultivars RW-255676-B and RK-8501 
are susceptible, DIRA and Varuna medium susceptible and RW-5453-132 highly 
susceptible (Bhadauria et.ai, 1995). High aphid infestation was recorded on Sinapsis 
alba and Porbiraya, moderate on RLM-198, RH-7361 and T-6342, whereas, the 
resistant varieties were RW-2-2, RW-15-6 and B-85 (Sachan and Sachan, 1996, 
Manzar et.ai, 1998, Naveen Agarwal et.ai, 1996). Rana and Khokar (1998) recorded 
the genotypes RW-32-2, GSL-1 and TMH-52 as tolerant, while RH-7846 moderately 
resistant and HC-2 as resistant to aphid infestation. Vekaria and Patel (2000) screened 
various cultivars; they have observed that genotypes PC-5, T-27 and T-6343 are 
resistant to L. erysimi. 
lA CHEMICAL CONTROL 
2.4.1 Effect on target.pests 
A number of insecticides have been evaluated to suppress the aphid incidence 
(Bakhetia et.ai, 1986; Singh et.ai, 1987; Islam et.ai, 1990 and Misra, 1993). Higher 
mortality is obtained by the application of oxydemeton-methyl, phosphamidon, 
quinalphos and endosulfan (Chundawat et.ai, 1975). However, two sprays of 
chlorpyriphos, phosphamidon, oxydemeton-methyl and lindane give good results for 
the control of aphids (Prasad, 1978a). The timing of application is one point that 
significantly matters rather than the choice of insecticide applied (Bakhetia, 1984). 
Chlorpyriphos gives high net return profit and is also effective in contFolling the aphid 
(Kumar et.ai, 1996, and Baral and Sethi, 1997). Furthermore, endosulfan is a 
chemical if applied at 0.01 to 0.07%, the residues can be detected till 16 days from the 
date of application (SeemaKumari et.ai, 1997). Effective control of mustard aphid 
can be obtained by two applications of malathion 50 EC (Rouf and Kabir, 1997) or 
methyl-o-demeton and -deltamethrin followed by methyl-o-demeton (Malik et.ai, 
1998). Application of disulfoton granules @ 1 kg/ha (30 DAS) followed by phorate 
also gives effective control of the aphid (Sinha et.ai, 1999). Phosphamidon has been 
found to be a good insecticide as its toxicity to aphids persists up to 14 days (Pal 
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et.ai. 1983; Ahmad and Miah, 1989; Bhola et.ai, 1990; Srivastava et.al., 1991; 
Dutta, 1992; Upadhyay and Agarwal, 1993; Singh and Sircar, 1995; Kumar et.al., 
1996; Singh and Malik, 1998; Singh and Lai; 1999; Singh et.al., 1999; Sinha et.ai, 
1999andSinhae/.a/., 2001). 
Prasad (1997) and Singh and Singh (2001) while comparing botanicals vis-a-
vis synthetic insecticides found that neem formulations persisted for only 3 days and 
were inferior to organic insecticides. Two applications of methyl-o-demeton (0.025%) 
along with nicotine sulphate can keep the ETL at desired levels (Vekaria and Patel, 
2000). Excellent control of mustard aphid can be obtained by a combination of neem 
cake+azadirachtin+2 sprays of phosphamidon (Chakraborti, 2001). 
2.4.2 Effect on non-target/beneficial Insects 
While applying chemical pesticides in rapeseed-mustard ecosystem to control 
the aphids, also kills natural enemies also get killed, thus leaving the crop vulnerable 
to attack of the rapidly multiplying aphid population. Singh et.al., (1.987) found that 
methyl-o-demeton and endosulfan were relatively safe to pollinators and could be 
applied at flowering stage in rapeseed-mustard crops. However, phosphamidon 
(Chakraborti, 2001), chlorpyriphos and malathion are significantly detrimental for 
pollinators as well as predators at their normal dosages (Malik et.al., 1998). Neem 
products have been found to be safe for the braconid parasitoid (Diaeretiella rapae, 
Mc'Intosh) of mustard aphid (Kulkami and Patel, 2000). 
2.4.3 Coccinellids 
Various workers have reported that majority of synthetic insecticides show 
deleterious effect on coccinellids and other beneficial, insects. Decamethrin, 
chlorpyriphos, and monocrotophos are toxic insecticides for coccinellid beetles while 
methyl -o- demeton; dimethoate, endosulfan, and malathion are relatively safe (Singh 
et.al, 1987; Tripathi et.al, 1988; Sharma et.al, 1991; Shukla et.al., 1994; Thomas 
and Phadke, 1995; Dhingra et.al, 1995; Singh and Sircar, 1995; Malik et.al, 1998; 
Singh et.al, 1999). Endosulfan is more toxic to the adult beetles than the larvae 
(Shukla et.al, 1990). In case of selective insecticides, development of predator 
population depends on the rate of mortality of the prey. Some insecticides also kill 
most of the coccinellids -without having any effect on aphids (Zoebelein, 1988). 
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Malathion @ 2.85 gm a.i./l results in 100% mortality of Coleomegilla 
maculata, 72 hours after treatment and single dose of neem oil (10%) results in 
significantly greater mortality than control. Aqueous suspension of ground neem 
seeds reduces 50% predation by the beetle (Roger et.al, 1995). The fourth instar 
larvae of C. septempunctata are innately more sensitive to the growth disruption 
effects of acute exposures to azadirachtin than first instar (Banken and Stark, 1997). 
Imidacloprid is not compatible with the coccinellid predator C. maculata (Smith and 
Krischik, 1999). C. septempunctata responds positively to volatiles from aphid 
infested plants and previously aphid infested plants but not to volatiles from 
uninfested plants or frorn undisturbed aphids (Velemir Ninkovii et.al, 2001). 
2.4.4 Syrphids 
The relative toxicity of six insecticides was tested by Makhmoor and Malhotra 
(1993) against the larvae of E. balteatus. On the basis of intrinsic toxicity, 
phosphamidon was rated as highly toxic to syrphid larvae, followed by dimethoate, 
oxydemeton-methyl, and malathion. Endosulfan was the safest followed by 
chlorpyriphos. Safety indices confirmed the innocuity of chlorpyriphos to the larvae 
of E. balteatus, followed by endosulfan. Chlorpyriphos and endosulfan at the 
recommended concentrations could be used for aphid control along with larvae of 
syrphids in the integrated pest management. Recently, Sharma and Kashyap (2002) 
investigated the impact of pesticidal spray on the natural predators viz., Syrphis sp. C. 
septempunctata, Oxyopes sp. and parasitoid, Diaeretiella sp. in the tea ecosystem. 
They found that deltamethrin, cypermethrin and ethion sprays were highly toxic to 
both Syrphis sp. and C septempunctata and their adult and larval population was not 
seen even on fourth and seventh days of spray, respectively. On the other hand 
neemark, achook and Bacillus thuringiensis Berliner, (Dipel 8L) were quite safe to 
natural enemies. Endosulfan was recorded to be relatively safe to Syrphis sp. but toxic 
to C. septempunctata. 
2.5 BIOLOGICAL CONTROL 
Several predators-coccinellids, syrphids, chamaemyiid and parasitoids 
particularly D. rapae have been recorded from the rapeseed-mustard ecosystem. 
Review of Literature 12 
Among the predaceous coccinellids of L erysimi (Kalt.), C. septempunctata 
Linn, and Menochilus sexmaculatus Liim. are common.and widely distributed. C. 
septempunctata greatly influences the population build-up of the mustard aphid 
(Shenhmar and Brar, 1995). Therefore, it is desirable that the population density of 
this predator is maintained at a level, which will keep the pest below the economic 
injury level. Temperature and relative humidity influence the effectiveness of beetles; 
high temperature and low relative humidity favour their development but suppress 
aphids, whereas the reverse condition favours aphids (Kalushkov, 1990). Both biotic 
and abiotic factors determine success of codcinellid larvae in capturing their prey. 
They are voracious feeders and forage both extensively and intensively to seek aphids 
(Ferran and Dixon, 1993). Their peak population and that of I. erysimi are often not 
synchronous (Mohapatra et.ai, 1994). Nevertheless, it is the significant correlation of 
coccinellid with aphid prey quality, which results in feeding preferences, longevity 
and reproduction potential (Babu and Ananthakrishnan, 1993). Henceforth, in the 
absence of suitable prey the adult coccinellid beetles cannibalise eggs and it is the 
females that are more reluctant, this increases their larval growth and survival 
(Agarwal and Dixon, 1992). Species with small eggs take longer to complete 
development than those with proportionally large eggs (Stewart et.al., 1991). 
When F. virgata is provided as prey, the coccinellid beetles prefer potato 
tubers for oviposition (52.20%) to tubers, glass surface or markin cloth (37.89, 7.95 
and 0.5%, respectively). Besides, they start ovipositing after fourth week of adult 
emergence with peak in the tenth week, whereas, aphid fed beetles start ovipositing in 
the eleventh week of adult emergence (Gautam, 1990). 
Coccinellid beetles reared on A. craccivora at 16-20°C and 60-80% relative 
humidity require 14.79 to 21 days to complete development from egg to adult.. The 
pre-oviposition period lasts for 6-10.33 days and the fecundity is 14.65 egg/day 
(Agarwal et.al, 1988). At a constant temperature of 20°C, C. septempunctata fed on 
D. noxia completes development in 13.8 days (Michels and Flanders, 1992). Whereas, 
C. septempunctata reared on A. pisum at 23±2*^ C and LD 16:8 completes development 
in 13.1 days and on R. maidis in 16 days (Obrycki and Orr, 1990). Nevertheless, 
rearing of C. septempunctata on B. brassicae at an average maximum and minimum 
temperature of 32.13 and 29.63°C results in duration of I, II, III and IV larval instars 
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of 2±0.35, 1.6±0.31, 1.33±0.16 and 2.33±0.25 days, respectively. 466±1.97 eggs was 
the fecundity at the above conditions (Nirmala Devi ei.ai, 1996). 
The net reproductive rate and mean length of generation under lab and field 
conditions, of C. septempunctata fed on L. erysimi are 95.88, 54.18 and 28.88, 28.68 
days, respectively (Singh et.al, 1994). During February-March the minimum, 
maximum and average duration of C. septempunctata on L. erysimi varies from 10-
11, 6-17 and 13-14 days, respectively. Mean longevity of beetles in February (16.73 
days) is greater than in March (13.52 days) (Singh et.al, 1994). 
The fourth instar larvae of C. septempunctata consume more aphids than their un-
starved adults but fewer than starved adults (Qupta and Yadava, 1989) but later on in 
1994, Singh and co-workers made a contradiction and stated that beetles had a greater 
feeding potential than grubs. They observed that adult beetles could consume 78 to 80 
nymphs/day as compared to 57 to 58 by the larvae. It consumes 43.1 aphids per day of 
D. noxia (Michels and Flanders, 1992) and an average of 141.33±1.78 aphids/day of 
B. brassicae at an average maximum temperature of 32.13°C and minimum 26.63*^ C 
(Nirmala Devi eAfl/., 1996). 
When a comparison was made between different species, Shenhmar and Brar 
(1995) reported that C. septempunctata consumed more (380.4) aphids than C 
sexmaculatus (304.3) during the larval development. Kumar (1992) reported that the 
larvae of C. septempunctata and C. sexm.aculatus consumed 564.9 and 383.0 nymphs 
of I. erysimi during their development whereas, Singh et.al., (1994) reported that the 
former consumed 867.5 aphids during February and 2047.5 in March. However, 
Verma et.al., (1993) observed that C. sexmaeulatus consumed 598.5 Aphis gossypii 
during its development while it fed on 350 to 400 nymphs of A. craccivora (Patel and 
Vyas, 1986). 
Hoverflies/Syrphids, which are known to mimic honeybees, are also important 
aphidophagous predators. Their maggots feed on the aphids by puncturing the cuticle 
of the prey, and sucking the body fluids/contents. The maggots are eyeless and also 
lack legs, they are slug like, a single maggot can consume up to 500 aphids during its 
larval stage. The consumption of aphids varies from species to species. In India, a 
number of syrphid species have been reported to be aphid predators (Sharma and 
Verma, 1993 and Ghorpade. 1981). However, nine different species have been 
reported from the mustard-rapeseed ecosystem (Singh, 1994). 
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With bio-control in the limelight, entomologists felt it germane to study and 
investigate the extent to which maggots of syrphid can act as an effective tool in 
maintaining the mustard aphid population below the economic injury level. Twenty-
five species of syrphids have been recorded from Punjab (Singh et.al., 1990). The 
density of the predators" E. balteatus and M. confrater is dependent upon the density 
of M persicae. The temperature, relative humidity and rainfall significantly effect the 
population of syrphids as well as aphids (Kumar et.al., 1989 and Bijaya Devi et.al., 
1997). Insectary plants such as annual alyssum; cilantro, buckwheat, mustard, 
phacelia, fennel and yarrow serve as food for hoverflies (Luna, 1998). Among the 
early season flowering species coriander is the choice food 'of most syrphid species 
while Korean mint among the late season flower (Colley and Luna, 2000). 
Pea and rose aphids are preferred prey of syrphids and nettle aphid is least 
preferred (Sadeghi and Gilbert, 2000). The |burth instar nymphs of L. erysimi are 
preferred by syrphids as compared to second or third instar nymphs (Agarwal et.al, 
• 1989). Two types of mate seeking behaviour of male syrphids are recorded, firstly, 
they search for females in the feeding places and secondly, lie in wait for females in 
oviposition plots (Mulin, 1996). Oviposition is elicited on plant tissues with aphids or 
residues of aphids or aphid honeydew but not on clean plant tissues (Belliure and 
Michaud, 2001). 
Adults of syrphids are best preserved at 2-4°C as they survive this temperature 
for 10 days and pupae at 0-4 C, which increases pupation period (Guo-Junfeng et.al., 
1992). In Eristalis tenax eclosion occurs after 2 days, fertilised eggs change from 
white to grey after 24 hrs. Pupation occurs in concealed places and adults eclose after 
2 weeks. Each female provides five egg batches and lives up to 125 days. High 
mortality of flies is observed after 2-3 months (Rosso et.al., 1994). The survival of 
Pseudodorus clavatus on A. spiraecola is 24% from egg to adult and on T. citricida 
36%. But larval development is significantly faster on the latter aphid. Males live for 
a mean of 16.8±3.8- days and ovipositing females for 29.8±1.9 days at 23°C. Pre-
reproductive period is 6d and the majority of eggs are laid during morning hours with 
peak oviposition between 08:30 to 10:30 hours. Radhakrishnan and Muraleedharan 
(1993) reported that different species of syrphids {Episyrphus balteatus, Paragus 
tibialis, Allobaccha nubilipennis, Betasyrphus serarius, Dideopsis aegrata and 
Ischiodon scutellaris) required 18 to 22 days for their development at 26±2°C and 
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80±5% relative humidity, E. balteatus develops faster (29.4±4.7 SD days) than M. 
confrater (34.7±3.2 SD days) (Bhatia and Shaffi, 1932, and Bijaya Devi et.al, 1997). 
However, Joshi et.al, (1999) advocated 16.7 to 20.9 and 16.9 to 20.3 days 
development period for /. scutellaris and Paragus serratus (Fabricius) on different 
. hosts. 
The seven/eight day old larvae of aphidophagous syrphids consume the 
maximum number of aphids (Radhakrishnan and Muraleedharan, 1993). When 
aphidophagous syrphids'are used for control, normally 3 to 6 days after treatment, the 
aphid's reduction ratio reaches 80-90% or more (SunXing-quan et.al, 1992). At 
28±2°C the larvae of Chrysopa sp. consume an average of 35.32, 146.05 and 363.56 
nymphs and adults of I. erysimi, respectively, whereas larvae ofE. balteatus consume 
38.34, 196.36 and 274.50 aphids in the three larval instars, respectively (Singh and 
Singh, 1994). Under field conditions, larvae ofE. balteatus arid M. confrater consume 
344±13.9 SD and 397±21.3 SD aphids/larva, respectively over a period of 10.4±3.5 
SD and 11.7±6 SD days, respectively (Bijaya Devi et.al, 1997). I scutellaris and P. 
serratus prefer A. craccivora to A. gossypii mid exhibit high rate of consumption as 
well as fecundity (Joshi et.al, 1999). Predation of T. citricida colonies by P. clavatus 
results in the delay in production of alate and produces fewer apterous migrants than 
colonies that escape predation (Belliure and Michaud 2001). Eupeodes confrater is 
large species and possesses great voracity potential (Agarwal et.al, 1989). Natural 
enemies of L. erysimi infesting B. juncea var. rugosa belong to syrphids, coccinellids, 
hemerobid and aphidiid. Syrphids dominate the other species in terms of density, 
species composition and prey consumption potential (Chitra Devi et.al, 2002). 
2.6 LIFE-TABLES 
Life-table is a table of statistics of probability of life or simply it provides 
essential information regarding the schedule of mortality for a known cohort of 
individuals. They are one of the most useful tools in the study of insect population 
dynamics. These tables record a series oi, sequential measurements that reveal 
population change throughout the life cycle of a species in its natural environment. 
When these measurements are related to the several causes of mortality, the life-table 
forms a budget of successive processes that operate in a given population (Harcourt, 
1969). 
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Pearl and Parker (1921) were the pioneers to study life-tables for insect 
populations of Drosophila melanogastra and Tribolium confusum, they were followed 
by life insurance agencies (Dublin and Lotka, 1925). The Tife expectancy of small 
animals (Leslie and Ranson, 1940), birds (Park, 1948) and laboratory culture of 
insects (Birch, 1948, 1953a,b, Howe, 1953) were also deaU with later. Leopold (1933) 
studied natural populations, classical publicatipn of Pearl and Miner (1935) for lower 
organisms and "Life-tables for natural population of animals" by Deevy (1947) are 
some of the initial works by these scientists. Later, Ito (1959), Slobodkin (1962), 
Morris (1963), Witter et.al (1972) Southwood (1978) dealt with life-tables and the 
importance of key factors providing means of identifying the potential role of 
parasitoids and predators in regulating the pest population. Their efforts were 
followed by Atwal and Bains (1974) on a pest of wheat Trogoderma granarium, 
Atwal and Singh (1974) on Chilo partellus a pest of maize, Bilapate et.al, (1979) on 
Helicoverpa armigera on different food plants, on Tryporyza nivella (Roy and Bains, 
1983), Metasyrphus corolla (Sharma and Bhalla, 1992), C. septempunctata (Singh 
et.al, 1994) Spilosoma obliqua (Rizvi and Pathak, 1998), and Papilio demoleus 
(Pathak and Rizvi, 2002). 
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The present studies were carried out under controlled conditions in the 
Department of Plant Protection and at the experimental fields of Faculty of 
Agricultural Sciences, AMU, Aligarh, (India) during rabi (winter) season of 2000-01 
and 2001-02. 
Location 
Aligarh is located in the western part of the state of Uttar Pradesh at a distance 
of about 126 km from Delhi, the capital of India. It spreads from 27°29' to 28° 10' 
north latitude and 77°29' to 78°38' east longitude. The greatest width from west to east 
is about 116 km and the maximum length from north to south is about 72 km. Rest 
spreads over 5024 sq. km, but area changes slightly due to change of course of the 
rivers Ganges and Yamuna. 
Climate and weather 
The climate in Aligarh is of subfropicai type having three well-defined seasons 
winter, simimer and monsoon. Winter season starts from November and continues up 
to first fortnight of April, whereas, summer sets in May. Months of May and Jime are 
the hottest wherein maximimi day temperature plvmimets to 48°C. The second half of 
December and January are usually the coldest period. Monsoons normally start in the 
first week of July and continue v^th appreciable amoimt up to the first week of 
September. Annual rainfall of Aligarh district averages 315 mm of which 75-80% is 
received from second half of July to first week of September. 
Soils 
The soil of the experimental fields is illitic fine sandy loam. The physico-
chemical properties of the soil include sand-61%, silt-25%, clay-14% and organic 
matter 0.41%. The soil water ratio is 1:2.5 and pH 7.3 to 8.1. 
Cultivation 
Fine seedbed was ensured for good germination. First ploughing was done 
with soil turning plough followed by two cross ploughing with harrow. Planking the 
field after ploughing broke clods. Farmyard manure and the recommended levels of 
fertiliser (60 kg N+ 40 kg P2O5 and 40 kg K2O) were applied. Seed rate of 5 kg/ha 
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was taken. Row to row distance of 35 cm and plant-to-plant 15 cm was maintained by 
thinning. 
3.1 HOST/PLANT RESISTANCE 
Thirty-three promising varieties/germplasms were sown in a randomised block 
design during rabi season of 2000-2001 and 2001-2002. Each variety/germplasm, 
replicated thrice was sown in one row of 4 m in length with spacing of 15 cm and 45 
cm plant-to-plant and row-to-row, respectively. Three different sowing dates, October 
9 (early sowing), November 5 (timely sowing) and November 24 (late sowing) were 
selected for raising the crop. Observations on aphid infestation per inflorescence shoot 
were recorded at weekly intervals (starting from initial incidence to disappearance) on 
20 randomly selected plants from each row as per the suggestions of Bakhetia and 
Sandhu (1973). The plants were categorised into 6 grades (0-5) depending upon aphid 
population and its symptoms. For working out the mean aphid infestation index, the 
number of plants in each grade was multiplied by the respective grade and then the 










Plant is completely free from aphid. 
Plants having 1-15 aphids per inflorescence shoot. There 
is no symptom of aphid damage. 
Plants having 16-100 aphids per inflorescence. Shoots and 
plants start curling due to aphid attack. 
Plants having more than 100 aphids per shoot. Aphids infest 
most of the branches. Leaves start drying. Pods are curled. 
Each and every branch of the plant is fully covered with aphids 
and some of the branches start drying. -' 
Plant is completely dry immaturely due to aphid infestation. 
All the thirty-three varieties/germplasms were procured from the National 
Research Centre on Mustard, Bharatpur, Rajasthan (India), they included, 
l.Varuna 2. Vardan 3. Rohini 4. Seeta 5. Sej-2 
6. RH-781 7. RH-30 8. RH-8812 9. RH-8113 10. PBR-91 
11. Krishna 12. CS-52 13. Bio-902 14. Bio-772 15. PR-8988 
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16. RN-393 17. RLM-619 18. RH819 19. PCR-07 20. VSL-05 
21.Kranti 22. TM-4 23.Durgamani 24. GM-1 25. Jatai sarson 
26.PM-67 27. Pusabold 28. GM-2 29. Shanna 30. ZEM-1 
31.S-Asech 32. PL-1359 33. Urvashi 
3.2 SUCCESSION OF IMPORTANT INSECT PESTS OF MUSTARD 
The investigation on succession of important insect-pests was carried out 
during rabi (winter) season of 2000-01 and '2001-02 on B. campestris cv. Varuna, 
sown on three different dates (October 9, November 5 and 24). Insects were collected 
in the morning hours from 25 randomly selected plants replicated thrice from 20x20m 
plot area according to various techniques recommended by Southwood (1978). 
Observations were recorded at weekly interval on pest population starting from one 
week after sowing till maturity of the crop. The insects, closely related with the crop, 
were collected and ignoring those, which accidentally visited. 
The immature stages of lepidopterous pests feeding on the plant foliage were 
reared on the plants, they were placed in nylon mesh cages measuring 40x15 cm. 
Opening of the cages was tied with rubber band to avoid escape of larvae, enough 
foliage was placed inside each cage. At transformation into pupa, they were collected 
and brought to the laboratory for adult emergence. The caterpillars/larvae collected 
from the field were also individually reared at room temperature in the laboratory, in 
glass jars (10x20 cm) having approximately 2 cm sand at the bottom. To maintain 
humidity, the soil was kept moist; this provided an optimum condition for pupation. 
The various insects and their developmental stages collected during the different 
stages of the crop growth viz., seedling, vegetative, flowering and pod formation was 
preserved in liquid preservative and collection boxes. Their identification was 
ascertained on the basis of identification keys and also by sending them to 
taxonomists at different organisations/institutions. 
3.3 BIO-EFFICACY OF INSECTICIDES 
A replicated field was laid out in a randomised block design during rabi 
(winter) season of 2000-01 and 2001-02. The cultivar Varuna was sown on November 
5 in 2000 and 2001. The size of plots was maintained at 4 x 3 m, with row-to-row and 
plant-to-plant spacing of 35 and 15 cm. respectively. The recommended cultural and 
agronomic practices, as mentioned earlier, were followed. 
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The crop, thus raised, was sprayed with recommended doses (Appendix 1) of 
seven insecticides so as to evaluate their relative efficacy. Hand operated knapsack 
sprayer was used for spraying the crop. The first spray was applied before 
commencement of flowering and the next two at an interval of 15 days each; a control 
was run simultaneously to compare the relative efficacy. There were a total of eight 
treatments, replicated thrice. The population count of mustard aphid was recorded in 
the early hours of the morning fi-om 25 tagged plants from each plot. The data was 
recorded on 1, 7, and 14 days after each spray. The control plot was sprayed with 
water. At the time of spray, polythene sheets were used as barrier to avoid drifting of 
insecticide fi-om one plot to another. On the basis of population count of aphids from 
10 cm terminal shoot per plant, the efficacy of the insecticides was evaluated. Seed 
yield was recorded after harvesting of the crop and the cost: benefit ratio over control 
was calculated. 
Relative safety of these insecticides was also determined against C. 
septempunctata and /. scutellaris. Observations were taken at weekly intervals after 
each spray. From each treatment 25 plants were randomly selected and tagged for 
subsequent recording of the population of these predators. 
3.4 LIFE-TABLE STUDIES 
The adults of C. septempunctata vvere collected fi-qm the mustard field to 
maintain culture. They were released in individual petri-dishes (15 cm diameter) for 
obtaining eggs. The bottom of each petri-dish was lined with card board paper. Fresh 
aphid infested cut twigs were provided to beetles as food daily. Further, counted 
i 
number of same age old eggs (approximately 1000) obtained from these adults were 
placed separately in petri-dishes and allowed to hatch at different temperatures (18, 
24, 28, 18/24, 18/28, 24/2«±l°C coupled with 70±5% relative humidity) in BOD 
incubator and under natural conditions (for field study). Egg hatch percentage was 
recorded from each aliquot and subsequently adjusted, so that life-table commenced 
with 100 eggs in a cohort. 
Fluctuating temperature was maintained by transferring the petri-dishes/plastic 
vials from one constant temperature to another at an interval of 12 hours and L:D of 
12 hours was also maintained. 
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One hundred same aged juvenile larvke were collected with the help of soft 
camel brush from the hatched eggs. These were individually reared on L erysimi in 
petri-dishes. Initially, first and second instar Lipaphis nymphs were provided as food 
to the early instar larvae of coccinellids, thereafter with an advancement of age of the 
larvae, third and fourth .instar nymphs were supplied. The longevity and mortality of 
each larval instar, pre-pupa, pupa and adult during the course of investigation was 
recorded daily. This method was employed for construction of life-table of C. 
septempunctata for two successive generations. Similar procedure was adopted for 
maintaining culture and constructing life-table of /. scutellaris, with the difference 
that adult flies were released in egg laying jars (25x15 cjn) along wdth mustard 
inflorescence. While constructing life-tables, observations were also taken on 
predation potential of both predators. 
Under field conditions, 100 newly hatched larvae obtained from culture were 
picked up in batches of 10 each with the help of camel brush and distributed on 
respective plants. Initially 10 grubs/maggots were released on aphid-infested twigs. 
Such twdgs harbouring coccinellids and syrphids were covered with nylon cages (60 
mesh) measuring 40x25 cm. When coccinellid grubs attained the age of 8 days and 
the syrphid maggots 5 .days, they were allowed to lead their lives individually in 
cages. The opening of each cage was tied, with the help of rubber band or strong 
thread permitting no chances for insect escape. Before entering into pupal stage, some 
extra amount of leaves was supplied in the cage so as to provide optimum conditions 
for pupation. Larval and pupal mortality, if any, was recorded daily till the emergence 
of adults. The cause of the mortality was also ascertained. The adults so obtained were 
allowed to feed on aphids in case of coccinellids and on flower pollen for syrphid flies 
continuously till their death so as to record data on the life span. This procedure was 
followed for construction of life-table for two successive generations of the predators. 
For complete study of every aspect of life parameters, three different types of 
life-tables were constructed. 
a) Age specific life-table (Deevy, 1947) 
b) Stage specific life-table (Harcourt, 1969 and Southwood, 1978) 
c) Age specific survival and fertility-table for female (Birch, 1948 and Southwood, 
1978). 
The procedures adopted for calculating various life parameters were as 
specified by above workers as well as by Choudhary and Bhattacharya. 1986. 
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3.4.1 Age Specific Life-Table 
Observations on number of alive and dead out of hundred larvae were 
recorded daily. The following assumptions were used in the construction of age 
specific life-table. 
x= Age of the insect in days. 
Ix = Number surviving at the beginning of each interval x out of 100. 
d X = Number dying during the age interval x out of 100. 
Cx = Expectation of life or mean life remaining for individuals of age x. 
Life expectation was calculated using the equation; Cx = Tx / Ix 
To obtain Cx two other parameters Lx and T x were also computed as below. 
Lx = The number of individuals alive between age x and x+1 and calculated by the 
equation. 
Lx = Ix+l(x+l)/2. 
T X = the total number of individual of x age units beyond the age x, and obtained by 
the equation, 
Tx = Ix+( Ix+ l )+( Ix + 2) + Iw. 
Where, 
Iw = The last age interval. 
3.4.2 Stage Specific Life-Table 
Data on stage specific survival for eggs, larvae, pupae and adults were 
recorded from the age specific survival and mortality life-table. The data obtained 
from such table was used for computing various life parameters as given below: 
3.4.2.1 Apparent Mortality 
This is measured mortality and gives the information on number dying as 
percentage of number entering that stage and was calculated by using the formula: 
Apparent Mortality = dx / Lx x 100 
3.4.2.2 Stage specific survival fraction (Sx) 
Data obtained on apparent mortality was used for the calculation of the stage 
specific survival fraction (Sx) of each stage by using the equation: 
Sx of particular stage = [Ix of subsequent stage] / [lx of particular stage]. 
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3.4.2.3 Generation Survival Fraction (SG) 
This parameter was calculated by the following equation 
So = SE. SLI .SL2. SL3- SL4-SPP.SP (for C. septempunctata) 
i 
SG= SE.SLI.SL2.SL3.SPP.SP (for /. scutellaris) 
Where, SE = Sx of egg stage. 
SLI = Sx of first instar larval stage. 
SL2= Sx of second instar larval stage. 
SL3= SX of third instar larval stage. 
SL4= SX of fourth instar larval stage. 
Spp= Sx of pre-pupal stage. 
Sp = Sx of pupal stage. 
3.4.2.4 Mortality Survivor Ratio (MSR) 
It is the increase in population that would have occurred if the mortality in the 
stage, in question had not occurred and was calculated as follows: 
MSR of particular stage = [Mortality in particular stage] / [Ix of subsequent stage] 
3.4.2.5 Indispensable Mortality (IM) 
This type of mortality would not be there in case the factor (s) causing it are 
not allowed to operate. However, the subsequent mortality factors operate. The 
equation is, 
IM = Number of adults emerged X M.S.R. of particular stage. 
3.4.2.6 k-values 
It is the key factor, which is primarily responsible for increase or decrease in 
number from one generation to another and was computed as the difference between 
the successive values for "log Ix". The total generation mortality was calculated by 
adding the k-values of different development stages of the insect, which is 
designated/indicated as "K" [Varley and Grad^yell, 1970; Southwood, 1978). 
K = ko+ki+k2 kn. 
Where, ko, ki. k:, kp are the k-values at egg, first instar, second instar, third 
instar, fourth instar, pre-pupal and pupal stages. 
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3.4.3 Age Specific Survival and Fertility-Table 
To record fecundity, ten pairs of coccinellid beetles of different age groups 
were released individually in petri-dishes with aphid infested mustard twigs at 
respective temperatures. Similarly, ten pairs of syrphid flies were released 
individually in egg laying glass jars measuring 25x15 cm, with their tops covered with 
muslin cloth. A cotton swab with 10% honey, solution and a few flowering shoots of 
mustard were kept inside each jar to provide food for flies (Makhmoor and Verma, 
1987 and Radhakrishnan and Muraleedharan, 1993). For field studies the petri-
dishes/jars were placed under shades of trees so as to record data on fecundity. The 
observations for the age specific survival of the female and the number of unhatched 
and hatched eggs were recorded. 
The fertility table was constructed with the following assumptions: 
a) The survivorship rates were assumed to be the same for both the sexes, as it was 
not possible to identify the sexes prior to the adult stage. 
b) The sex could not be identified at the egg stage. Therefore a sex ratio of 1: 1 was 
considered in each batch of eggs. 
The table was constructed on the suggestions made by Birch 1948 and 
Southwood (1978). It consisted of following columns: 
X = Pivotal age of the class in days. 
Ix = Number of females alive at the beginning of the age interval x (as fraction of 
•initial population of one). 
mx = Average number of female eggs laid per female in each age interval assuming 
50:50 sex ratio and computed as: 
mx = Nx/2; 
where, Nx = Total natality per female off springs in each age. 
Besides 'mx' total number of female offsprings in each age interval i.e., female 
eggs laid in an age interval (x), Ix.mx was also computed by multiplying the column Ix 
with mx. This is also termed as 'Reproductive expectation'. 
A number of the parameters were computed from the age specific survival and 
fertility life-table of female these include: 
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3.4.3.1 Net Reproductive or Replacement Rate (Ro) 
This is also referred to as the "carrying capacity" of the average insect under 
defined environmental conditions. The information on the multiplication rate of a 
population in one generation is obtained from it. It is denoted as, 
Ro=Ixnix. 
3.4.3.2 Mean length of Generation (T) 
It is defined as the mean period between the birth of the parent and the birth of 
their off springs. This period is a weighed approximate value since the progeny is 
produced over a period of time and not at a definite time. Calculation followed the 
method suggested by Dubin & Lotka (1925) 
Tx = Ix.m.x / Ix-nix. 
3.4.3.4 Intrinsic Rate of Increase (r) 
It is also denoted by 'r or Tm' or 'rmax- and called as 'biotic potential'. It is 
defined as the instantaneous rate of increase of a population in a unit time under a set 
of ecological conditions (Birch, 1948). A rough estimate of the intrinsic rate of 
increase (r) can be calculated b> using the following equation: 
r = [Loge Ro] / T 
Where, Ro represents net reproducti\ e rate, which is calculated by multiplying Ix and 
mx. i.e., Ro=lx.mx. 
'T' represents mean length of the generation. For an accurate estimate of 'r' 
Birch (1948) introduced some approximation to the method to minimize the 
experimental errors in the formula suggested by Lotka (1925). This is as under: 
Ze""* Ixmx. dx = 1 Lotka (1925) 
e-™Ix.mx=l Birch (1948) 
3.4.3.5 Finite Rate of Increase 0.) 
It provides the informaion about the frequency of the population 
multiplication in a unit of time (Birc-. 1948). It is denoted as 
A. - e^ Taking log on both sides we jet; loge A. - loge e' 
where, A = Antilog e' 
This was used for computing the rate of increase of population per year. 
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3.4.3.6 Potential Fecundity (Pf) 
It expresses the total number of eggs laid by an average female in her life 
span. It is obtained or calculated by adding up the age specific fecundity column, 
Pf=Zm,. 
3.4.3.7 Doubling Time (DT) 
It is defined as the time required for thfe population to double and is calculated 
as follows: 
DT = Loge 2/r. 
3.4.3.8 Annual Rate of Increase (ARI) 
This can be calculated from the intrinsic rate of increase (r) or finite rate of 
increase (k) or doubling time (DT) or the net reproductive rate (Ro) assuming that the 
rate of increase was constant throughout the year. 
ARI = 365 - c'''' -1'''""^ = Ro '''^. 
3.5 COLLECTION OF NATURAL ENEMIES OF C SEPTEMPUNCTATA 
AND /. SCUTELLARIS 
Observations were also made to find out the extent of field parasitisation of C 
septempunctata and /. scutellaris by the hyper-parasitoids. The larvae of the predators 
were collected at weekly interval from the field and brought to the laboratory for 
further individual rearing in plastic vials, measuring 4x3.0 cm, till the emergence of 
hyper-parasites, if any. For aeration of larva, central part of the lid of each vial was 
provided with wire mesh. 
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4.1 INSECT-PEST SUCCESSION 
Succession in general refers to the act of repeated following up of one by 
another in order of time or space. Successive changes are-orderly and develop in 
certain sequence. The period of pest occurrence in group or in isolated manner is 
usually dependent on the stage of crop growth, population of natural enemies and 
prevailing weather conditions/factors. 
In the present studies, the insect pest succession on mustard (Brassica 
campestris cv. Varuna) was gauged for two successive winter (rabi) seasons, 2000-01, 
and 2001-02 under agroclimatic conditions of Aligarh (India). The crop was sown on 







4.1.1 Year: 2000-01 
4.1.1.1 First sowing 
Sawfly {Athalia lugens proximo) and painted bug (Bagrada Maris) first 
invaded the mustard crop three weeks after sowing (WAS) coinciding with third week 
of October. The larvae of sawfly were cylindrical, greenish grey when fi-eshly 
hatched. They turned greyish black at maturity (Plate 1). There were eight pairs of 
abdominal prolegs without crochets. They also possessed five black stripes on the 
back. The adults were small orange yellow insects with black markings on the body, 
smoky with black veins. The initial population of sawfly was 0.04/plant and its peak 
was recorded in the second and third week of November. The larvae were seen 
attacking the seedlings, making holes in the leaves. 
The painted bug adults were sub-ovate black and had a number of orange or 
brownish spots on the body. The first and second instar nymphs were bright orange 
while the third and fourth red. The antennae and legs were black/smoky. Painted bug 
nymphs and adults had the tendency of sucking cell sap of the plant that led to the 
whitening of the leaves. Its population statistics was similar to that of sawflies. Its 
peak activity vis-a-vis presence remained till the third week of November. 
The mustard aphid {Lipaphis erysimi) ,made its appearance on the crop in the 
third week of November. They were wingless, 2.3 mm in length; globular soft and 
pale green, while the winged forms, appeared later, had transparent homogenous 
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wings and yellowish abdomen. The nymphs were small in size with prominent 
cornicles at the posterior portion of the abdomen. The aphids multiplied 
parthenogenetically and attained their highest population of 150.50 aphids/10 cm 
terminal shoot in the fifth week of January (Plate 2). There was a significant positive 
correlation with its predators (coccinellids and syrphids). 
The activity of leaf miner {Chromatomyia horticola) •commenced in the third 
week of December, multiplied at a slow rate, and attained its peak (1.58 mines/plant) 
in the fourth week of February. The population remained imaffected even in the 
presence of aphids, syrphids as well as coccinellids. This can be attributed largely to 
the peculiar feeding habit of making mines into leaf lamina. 
There were two peaks of activity of Pieris brassicae larvae, first at seedling 
and thereafter at pod formation stage. The young caterpillars were pale yellow, 
subsequently turned greenish yellow at maturity. There were prominent black spots at 
the dorsal surface of the body. The entire body was covered with short hair. It made 
its appearance initially at seedling stage of crop (4 WAS). At this stage, the 
population was comparatively low (0.08 to 0.32/plant). The second attack was 
observed at pod formation stage, wherein the maximum population to the tune of 0.68 
larvae/plant was recorded. This insect species appeared to be a minor pest with 
sporadic occurrence. 
The first batch of coccinellid beetles was noticed in the fourth week of 
November. The beetles were bright red coloured with seven black spots on the elytra 
(Plate 3). After third week of December, the population increased gradually and 
uhimately reached its peak of 3.12/plant (second week of February). After the first 
week of March they migrated to other hosts. The syrphid population was encountered 
in the first week of December and the highest number of maggots (1.32/10cm 
terminal shoot/plant) (slug-like, transparent, Plate 4) was found between the aphid 
colonies in the second week of February. 
4.1.1.2 Second sowing 
Athalia larvae made their appearance at 2 WAS (third week of November), 
while Bagrada and Pieris larvae at 7 and 8 WAS, respectively. The Athalia 
population reached its threshold with a very low density of 0.08 larvae/plant in the 
first week of December (4 WAS). The low population of Bagrada (0.04 
nymphs/plant) was also noticed for two weeks only. Cabba-ie butterfly larvae were 
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recorded with an initial population of 0.16 larvae/plant. There were two peak activity 
periods, first in the third week of December (6 WAS) and second from second week 
of February (14 WAS) to second week of March (15 WAS). The population count 
was 0.04 and 0.32/plant (Table 3). The painted bug, sawfly, and cabbage butterfly 
disappeared most probably due to the fall in the temperature in the first week of 
December, third and fourth week of December, respectively. 
The aphids appeared on the crop in the second week of December (5 WAS). 
They multiplied rapidly and reached to the highest level of 428.00 aphids/10 cm 
terminal shoot during second week of February (14 WAS). They could be found in 
the field for the next two consecutive weeks but in low density. The crop maturity 
resulted in migration of aphids to alternate hosts particularly late sovm cabbage and 
other cruciferous plants, weeds etc. 
Leaf miner {Chromatomyia horticola) appeared on the crop with an initial 
population count of 0.08/plant at four weeks after sowing. The gradual increase in the 
count from 0.80 to 6.64/prant was observed in the later stages of crop growth (17 
WAS). The maturity of the crop resulted into the steep decline of the population. 
The status of syrphids and coccinellids had a strong positive correlation with 
aphid population. They initiated their appearance in the second week of December. 
The intensity of both predators was 0.74/10 cm terminal shoot/plant and 4.32/plant, 
respectively. With the reduction in number of aphids the population of predators also 
declined. The pupae of coccinellids were however, found stuck to the dried twigs of 
the crop. 
4.1.1.3 Third Sowing 
The sawfly and bugs were seen in the first week of Decembe'r (2 WAS) in a 
very low strength of 0.08 and 0.04/plant, respectively. Their population disappeared 
due to decrease in temperature, making conditions unfavourable for their existence. 
The leaf miner attack was recorded twice, first at 3 to 5 weeks after sowing and 
thereafter at the flowering and pod formation stages. The population started with a 
count of 0.04/plant and reached to a high of 5.78/plant at the maturity of the crop. 
The appearance of L. erysimi was noticed right from vegetative to pod 
formation stage. It was evident from the table that this species appeared in relatively 
low numbers (0.04 aphids/10 cm terminal shoot/plant 4 WAS on vegetative buds. 
Subsequently, the population increased at flowering and pod formation stages. The 
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population increased to 420.95-aphids/lO cm terminal shoot/plant (15 WAS) and 
declined to 20.09/10 cm terminal shoot/plant with the advancement of-crop age. 
Population trend of syrphids and coccinellids was similar to that of aphids. 
Their peak activity period coincided with the highest aphid incidence. The 
corresponding count was' 2.54-syrphid/lO cm terminal shoot/plant and 3.24 
coccinellids/plant during fourth week of February and second week of March, 
respectively. The population of both, however, declined with the crop maturity. 
4.1.2 YEAR: 2001-02 
4.1.2.1 First Sowing 
The seedling stage was invaded by the sawfly larvae as well as painted bug at 
four weeks after sowing (Table 4). The initial population count of the former was 
0.16/plant (4 WAS) that further elevated to 0.24/plant for two subsequent weeks. It 
declined thereafter to 0.08/plant (10 WAS). The latter made its appearance with an 
initial population of 0.04 (4 WAS) and touched a high of 0.16 during 6 to 7 WAS. ft 
declined to 0.08/plant after 8 weeks of sowing. 
The leaf miner incidence was recorded from third week of January with a 
coimt of 0.48 mines/plant. Its maximum frequency (0.92/plant) was encountered 17 
WAS. Later with advancement of crop age, their population declined gradually. The 
immature stages of cabbage butterfly were noticed on the crop at 12 WAS with a 
population count of 2.8 larvae/plant. Their population increased further to 4.52/plant 
(14 WAS), ft declined sharply thereafter, as the larvae disappeared from the field 
during fourth week of January. 
The aphids with an initial count of 0.08/10cm terminal shoot/plant were seen 
on the crop in the first week of December (8 WAS). 'Their population soon 
accelerated to achieve the highest peak of 17.08/10 cm terminal shoot/plant, in the 
first week of February. As the crop advanced, aphids started migrating to alternate 
sources of food and thus was no longer noticed on the different plant parts. 
There was a positive correlation between syrphid maggots and aphid 
population. The highest number of 1.32/10cm terminal shoot/plant maggots were 
recorded at 18 WAS synchronizing with high aphid incidence. Similarly, coccinellid 
started their presence with the alightment of aphids on the crop. Interestingly, when 
the crop entered 12 and 15-17 weeks of age, population count of coccinellids was 
negligible. This could be attributed to the fact that beetles might have hidden 
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underneath fallen leaves or the cracks and crevices and similarly grubs to underside of 
leaves. However, its highest population (1.72/plant) was encountered in the first week 
of March. 
4.1.2.2 Second Sowing 
The sawfly and painted bug invaded the crop simultaneously in the third week 
of November with an initial count of 0.04 and 0.08/plant, respectively (Table 4). They 
were not located on the crop in the third and fourth week of December, respectively. 
Cabbage butterfly larvae migrated to alternate hosts within weeks of their appearance 
(third week of February-to first week of March). Lowering temperature seemed to be 
a major cause of their decline. 
L erysimi alighted the crop at six weeks after sowing and was observed in 
negligible numbers till 14 WAS. The steady and rapid increase from 26.16 to 105.16-
aphids/10 cm terminal shoot/plant was recorded between 15 and 19 weeks after 
sowing. 
The leaf miner incidence was encountered from 10 WAS to crop maturity 
coinciding with flowering and pod formation stages. The peak period of activity was 
confined to the pod formation stage where the population reached its "highest level of 
5.48 mines/plant (14 WAS). The lower leaves were more heavily infested. Cabbage 
butterfly larvae exhibited feeding preference at the pod formation stage indicating 
favourable conditions for rapid increase fi-om 2.8 (19 WAS) to 4.12/plant (20 WAS). 
The caterpillars caused severe defoliation of plants. 
The syrphids made their appearance when the crop was 12 weeks old and 
remained present till the maturity. There was gradual population build-up from 0.08 to 
0.36-maggots/ 10 cm terminal shoot/plant in the fourth week of February (20 WAS). 
The coccinellids on the other hand appeared in phases, first at 1-2 WAS, second 9-10 
WAS and lastly 13-17 WAS. The latter phase showed maximum coccinellids 
(2.13/plant)16WAS. 
4.1.2.3 Third Sowing 
The sawfly larvae commenced their activity from 6 WAS (0.12/plant) to 10 
WAS (0.04/plant). They showed positive correlation with temperature. Reduction in 
population count was directly proportional to temperature. The leaf miners started 
their appearance from fifth week of January (10 WAS) exhibiting initial population of 
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0.20/plant. The peak activity was however, seen in the last week of February (13 
WAS) as depicted from population of 3.72/plant. Heavy attack resulted into whitening 
of the leaves. The cabbage butterfly larvae appeared in the first and second week of 
December (2 and 3 WAS) with a very low population (0.04/plant). During this period 
the temperature plummeted and disfavoured their presence any longer on the crop. 
The aphids exhibited their activity at 6 weeks after sowing. The population 
reproduced rapidly and reached a high of 127.44-aphids/lO cm terminal shoot/plant 
(third week of Feb), being the highest count of the season. 
Syrphids and coccinellids appeared simultaneously at 8 and 6 WAS with a 
count of 0.08 maggots/10 cm terminal shoot/plant and 0.04 grubs/plant, respectively. 
The incidence of both was low. Their peak activity coincided with high aphid count in 
the fourth week of February (13 WAS) the corresponding figures were 0.36 syrphids 
/lO cm terminal shoot/plant and 2.32/coccinellids/plant. At maturity of the crop, both 
predators migrated to other alternate crops in search of their prey. 
Manipulating the planting dates results in the asynchronisation of the most 
susceptible stage of the crop and the maximum activity of the pest. This date varies 
from region to region. In case of north India sowing of mustard in late September or 
early October escapes aphid attack. However, the crops sown later receive high aphid 
infestation and result in subsequent yield losses. Singh et.ai, (1983) reported that 
early sown crop (5 to 15 October) escapes aphid infestation as compared to late sown 
(25 to 5'*' November) in Punjab. Similar were the findings of Vir et.al, (1990), 
Bhadauria et.al, (1992), Bhadauria and Jakhmola (1995), Patel and Patel (1997) and 
Srivastava (1999). The present findings are in consonance with that of above workers. 
The early sown crop (October 9) received low aphid infestation as compared to timely 
(October 24) and late (November 5) sown crops. Other important pests like mustard 
sawfly appeared at the seedling stage, while leaf miner and painted biig was observed 
in the latter half of February and March. The leaf miner and painted bug were seen at 
high intensity on the late sown crop followed by timely and early. As far as cabbage 
butterfly larvae were concerned, they recorded maximum activity at the pod formation 
stage. Similar was the observation of Manzar et.al, (2000). The predators (syrphids 
and coccinellids) were witnessed from the start of January with less numbers and low 
activity. With increase in temperature and aphid population they were found actively 
searching for their prey. Similar were the observations made by Kulkami and Patel 
(2001). 
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4.2 APHID INFESTATION INDEX (All) 
Observations were recorded at weekly intervals for both cropping seasons of 
2000-01 and 2001-02 so as to obtain population trend of the L erysimi (Kaltenbach) 
on different cultivars of Brassica campestris. A total of 33 varieties/germplasms were 
screened during three sowing periods, early (first), timely (second) and late (third). 
The results have been summarized here under: 
4.2.1 YEAR: 2000-01 
4.2.1.1 First Sowing 
The first observation of 8/01/01 revealed aphid infestation index (All) in the 
range of 0.5 to 1.5 followed by 1.3 to 2.0 on 15/01/01. However, it gradually 
increased from 2.3 to 3.8 on 22/01/01 due to increase in aphid intensity vis-a-vis the 
differential response of varieties. The prevalence of optimum conditions for rapid 
aphid multiplication was clearly evident from the observations recorded on 29/01/01, 
wherein, varieties/germplasms exhibited All from 2.8 to 4.0. On the'very next week 
(5/02/01) the population of aphids exploded and reached to a high range of 3.8 to 4.3 
. on different varieties/germplasms. During this period environmental conditions were 
found to be congenial for overall development of the aphids. Further, when 
temperature plummeted, aphid population also declined gradually from 3.8 to 2.5, 2.8 
to 1.3 and 1.5 to 0.5 on 12/02/01,19/02/01 and 26/02/01, respectively. 
While considering mean aphid infestation index (MAII) on each of the 
varieties/germplasms, it was found that index had a pronounced variation, it 
fluctuated from 1.6 to 2.5. To simplify further, grading of mean index was done. 
MAII from 1.00 to 1.99 was encountered on RH-30, Bio-772, Sej-2, The higher 
MAII (>2) was however on RH-8113, CS-52, Bio-902, RH-8«12, Pusa Bold, Vardan, 
PM-67, PR 8988, ZEM-1, Seeta, Krishna, Durgamani, GM-2. Sharma, RL-1359, RH-
781, VSL-05, S-Asech, Rohini, PCR-07, Kranti, Jatai sarson, Urvashi, Varuna, TM-4, 
GM-1, PBR-91, RN-393 and RH-819. 
4.2.1.2 Second Sowing 
Aphids initiated their attack on 8/01/01. Different varieties/germplasms 
showed All in the range of 0.3 to 1.8. When observations were taken on 15/01/01, all 
the varieties were graded in the range of 1.0 to 2.5 as compared to 1.5 to 2.5 on 
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22/01/01. The scale further increased on account of favourable conditions for aphid 
multiplication, it elevated from 2.5 to 4.0 on 29/01/01. The scale further increased and 
reached a level of 4.3 on 5/02/01. The very next week (12/02/01) All descended to 
3.8 on some varieties but elevated to 4.5 on others. With advancement of crop age vis-
a-vis increase in temperature, the scale declined gradually. It ranged between 3.5 to 
2.5, 2.5 to 1.5 and 2.5 to 0.8 on 19/02/01, 22/02/01 and 5/03/01, respectively. 
It was inferred from the data that all the varieties exhibited MAII at 2.0 or 
more. Varuna could withstand aphid injury to some extent as reflected from the 
lowest mean aphid attack of 2.1. This was followed by RH-30 (MAII: 2.2), Bio-772 
(2.3), Seeta, PR 8988 and CS-52 (2.4). On the remaining cultivars MAII was more 
than 2.5. 
4.2.1.3 Third Sowing 
The data recorded on 5/02/01 revealed All in the range of 1.0 to 2.0 in 
contrast to 1.3 to 3.3 on the following week. The scale and the number of aphids were 
directly proportional, hence an increase in the aphid population resulted into 
escalation of the values for the different varieties/germplasms. The grades fell 
between 2.5 to 4.0 on 19/02/01 against 2.5 to 3.5 on 26/02/01. On 5/03/01 the 
existence of unfavourable abiotic factors as well as crop maturity resulted in rapid 
decline of aphid numbers. This is evident from low aphid index from 2.3 to 1.0. 
The evaluatipn of overall mean of All for first, second and third sowing 
during 2000-01 revealed that RH-30, Bio-772, Sej-2 and RH-8113, showed All 
between 1.0 to 1.99, hence, relatively tolerant to aphids. However, Varuna, CS-52, 
Seeta, Bio-902, PR 8988, Pusa Bold, RH-8812, ZEM-1, PM-67, Sharma and RL-
1359, Vardan, RH-781, Kranti, PBR-91, VSL-05, Durgamani, GM-2, S-Asech, 
Urvashi, RH-819, PCR-07, Rohini, TM-4, Jatai sarson, RN-393, GM-1, RLM-619, 
and Krishna, showed MAII between 2.00 and 2.99 and could be safely placed into 
susceptible category 
4.2.2 YEAR: 2001-02 
4.2.2.1 First Sowing 
The observations for All on 01/01/02 exhibited its range from 0.7 to 1.3 
against a high of 1.3 and low of 0.7 on 08/01/02. It was interesting to note that when 
All was gauged on 16/0102 and 22/01/02 the cultivars exhibited the range between 
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0.7 to 1.7 and 0.7 to 3.0; respectively. When observations were taken on 29/01/02, all 
the .varieties were graded in the range of 0.7 to 3.3 as compared to 0.7 to 4.0 on 
5/02/02. The data of All recorded on 12/02/02 showed a range of 0.7 to 4.0 as 
compared to 0.7 to 3.7 on 19/02/02. Pronounced variation in the index (0.7 to 4.7) was 
evident on 26/02/02, while on 5/03/02 the scale decreased further and the different 
germplasms exhibited the range between 0.7 and 2.7. 
When MAII was computed, it was inferred from the data that S-Asech, Bio-
772, Sej-2, Urvashi, RH-30, Bio-902, PR 8988, Seeta, ZEM-1, Vardan, exhibited 
index less than 1.0. However, the other cultivars viz., Krishna GM-2,' Rohini, GM-1, 
Pusa bold, TM-4, RH-8812, RH-8113, PCR-07, Sharma, PM-67, Durgamani, Jatai 
sarson, CS-52, RH-819, RN-393, RLM-619, RL-1359, Varuna and Kranti showed the 
index between 1.0 to 1.9. Whereas, PBR-91, VSL-05 and RH-781 reflected MAII 
between 2.0 and 2.9. 
4.2.2.2 Second Sowing 
The observation recorded on 29/01/02 revealed All in the range of 0.7 and 2.7 
against 0.7 to 3.4 on 5/02/02. Further investigations displayed that All fell between 
1.0 to 3.7 and 2.0 to 4.7 on 12/02/02 and 19/02/02, respectively. When the different 
varieties/germplasms were screened out on 26/02/02, 5/03/02 and 12/03/02 they were 
graded on the index scale between 0.7 to 4.3, 0.7 to 4.0 and 0.7 to 1.3, respectively. 
The Mean All for all the varieties ranged between 0.9 and 2.9. Only RH-30 
was inferred to be tolerant to the aphid attacl^ that encountered All between 0.0 and 
0.9. The varieties/germplasms graded in the higher scale of All and from 1.0 to 1.9. 
Thus, Bio-772, PBR-91, RH-8113, TM-4, Bio-902, GM-2, CS-52, Vardan, and 
Durgamani were placed in moderately susceptible category, while others in 
susceptible exhibited MAII >2.0. 
4.2.2.3 Third sowing 
Investigations carried out on 5/02/02 exhibited All in a range of 0.2 to 1.1, in 
contrast to 0.7 to 2.7 on 12/02/02. Marked variation in the index was computed on 
19/02/02, it fluctuated from 1.1 to 4.0 as compared to 0.7 and 4.7 on 26/02/02. The 
last observations taken on 5/03/02 inferred the scale from 0.7 to 3.0. 
The overall mean All at three sowings of 2001-02 illustrated that Varuna, 
Rohini, Sej-2„ RH-30, RH-8113, PBR-91, CS-52, Bio-772, RN 393, RLM-619, RH-
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819 PCR-07, VSL 05, Kranti, TM-4, Durgamani, GM-1, Jatai sarson, Pusa bold, 
Shanna, ZEM-1, S-Asech, 'RL-1359 and Urvashi recorded All between 1.0 and 1.9. 
However, susceptible ones were Vardan, Seeta, RH-781, RH-8812, Bio-902; PR 
8988, PM-67 and GM-2. Krishna were found to be susceptible as showing All 
between 2.0 and 3.0. 
Resistance is the expression of insect-pest interactions influenced by a number 
of environmental factors hence, knowledge of the plant, insect and their environment 
is essential for developing pest resistant varieties. Greater the diversity in the 
germplasms, higher are the chances of getting the good sources of resistance. 
Different methods have been evolved by various workers for screening of mustard 
varieties against its most serious pest, the mustard aphid. These include seedling 
survival, aphid injury, aphid population, aphid fecundity/development and yield 
evaluation. The factors, which contribute to developing a resistant variety in mustard 
. include bio-physical (pattern of arrangement of buds on the inflorescence and its 
succulence, colour of leaves, non-waxiness, plant pilosity etc.) and the bio-chemical 
(antixenosis and antibiosis). The factors, which affect the expression of resistance, are 
responsible for a part of the discrepancy in results sometimes secured by various 
investigators under different envirormiental conditions. Besides, changes in the genes 
of either plant or animal might be a probable cause that affects the permanence of 
resistance. 
Number of aphids per 10 cm terminal shoot/plant was assessed to determine 
the most favourable variety/germplasm for cultivation in the' agroclimatic conditions 
of Aligarh region and its surroimding areas. On the basis of mean aphid infestation 
index (MAII), RH-30 followed by Sej-2, Bio-772 and RH-8113 were found to be 
suitable for cuhivation in the region. Some pf the promising germplasms identified 
have shown both similar as well as different results, hence got strong support by the 
works of Pathak, 1961; Teotia and Lai, 1970; Bakhetia and Sandhu, 1973; Bakhetia 
and Bindra, 1977; Brar and Sandhu, 1978; Anonymous, 1997, 1999; Manzar et.al, 
1998; Malviya and Lai, 2000, and Vekaria and Patel, 2000. Deviation in the findings 
would have been due to seasonal variation in aphid pressure and other plant growth 
factors on test germplasms of Brassica under field conditions. 
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4.3 CORRELATION-REGRESSION ANALYSIS 
In order to gauge the effect of the different abiotic (maximum and minimum 
temperature, maximum and minimum relative humidity, rainfall, evaporation and 
wind velocity) and biotic factors (coccinellids and syrphids) on the survival of L. 
erysimi, the correlation-regression analysis was applied to the data (Table 12) 
collected for two consecutive mustard cropping seasons of 2000-01 and 2001-02 so as 
to study 
4.3.1 Linear Correlation-Regression Analysis 
4.3.1.1 YEAR: 2000-01 
4.3.1.1.2 First Sowing 
The correlation analysis of the data revealed strong'positive and significant 
relation of aphid with coccinellid (r=0.499), syrphids (0.675), wind velocity (0.765), 
rainfall (0.090) and evaporation (0.140). On the other hand, maximum and minimum 
temperature as well as maximum and minin^um relative humidity showed negative 
correlations where 'r' was -0.220, -0.243, -0.552 and -0.181, respectively. 
When maximum and minimum temperature, maximum and minimum relative 
humidity were analysed, it was revealed that they all acted upon in reducing aphid 
population by 4.84, 5.90, 30.47 and 3.27%, respectively. As far as wind velocity, 
evaporation and rainfall were concerned, they resulted in multiplication of aphids with 
corresponding increase by 58.52, 1.96 and 0.81%, respectively. However, coccinellids 
and syrphids exhibited direct increase in their respective population with an increase 
in aphid numbers by 24.90 and 45.56%, respectively. 





X=l 1.0867 +42.5414 (Y) 
Maximum temperature (Y) 
X=78.9193 - 2.0384 (Y) 
Minimum temperature (Y) 
X=78.9193-2.0384 (Y) 
Maximum relative humidity (Y) 
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X=455.0259-5.0102 (Y) 
Minimum relative humidity (Y) 
X=67.89-0.89(Y) 
. Evaporation (Y) 
X=6.91 + 7.34 (Y) 
Wind Velocity (Y) 
X= -24.93 + 36.99 (Y) 
Rainfall (Y) 
X=27.24 + 0.44 (Y) 
Thus by substituting the values of 'Y' the corresponding value of X (aphid) can be 
predicted from the above equations. 
4.3.1.1.2 Second Sowing 
The relationship between aphid and other independent variables except 
maximum and minimum relative humidity ,(r=-0.230 and -0.177) was positively 
correlated. Maximum as well as minimum temperature, rainfall and evaporation 
showed slight positive correlation with aphids, their corresponding values were 0.136, 
0.002, 0.077 and 0.177, respectively, while significant correlations was evident with 
coccinellids (0.555), wind velocity (0.474) and syrphids (0.305). 
All the factors (biotic as well as abiotic) revealed marked variations in aphid 
population ranging from negligible to 30.805% {(minimum temperature; r^=0.00), 
0.59% (rainfall; 0.00594), 1.84% (maximum temperature; 0.1844), 3.14% (minimum 
temperature; 0.03141), 3.31% (evaporation; 0.031329), 5.29% (maximum humidity; 
0.05293), 9.316% (syrphid; 0.09316), 22.495% (wind velocity, 0.22495), 30.805% 
(coccinellid; 0.30805)}. 
Although positive correlation was recorded with maximum and minimum 
temperature but it was the only minimum temperature that had negligible effect on 
aphid population. 
The regression equations between aphid (X) and other parameters (Y) were as 
under: 
Coccinella (Y) 
X = 41.3066 +51.6523 (Y) 
Syrphid (Y) 
X = 65.5811 + 144.24808 
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Maximum temperature (Y) 
X =-23.7586 +5.110a 
Minimum temperature (Y) 
X = 90.5645 + 0.07200 (Y) 
Maximum relative humidity (Y) 
X = 466.188-4.5032 
Minimum relative humidity (Y) 
X= 193.0137-2.4347 (Y) 
Rainfall (Y) 
X = 83.6889+1.0882 (Y) 
Wind Velocity (Y) 
X =-18.0789+ 67.5117 (Y) 
Evaporation (Y) 
X = 23.18 +21.35 (Y) 
The aphid population can thus be predicted by substituting corresponding values of 
' Y' at any given point. 
4.3.1.1.3 Third Sowing 
A strong positive correlation 'r' was obtained between aphids and syrphids 
(r=0.910) against a weak of 0.414 with coccinellids. It could be attributed to the fact 
that syrphids had greater multiplication potential than coccinellids. As far as abiotic 
factors were concerned, there was a positive correlation between aphids and 
maximum temperature (0.373), minimum temperature (0.402), evaporation (0.454) 
and negative with maximum and minimum relative humidity, rainfall and wind 
velocity. The corresponding values were -0.270, -0.330, -0.113 and -0.083, 
respectively. 
The biotic factors that actively contributed to population regulation of L. 
erysimi were minimum and maximimi relative humidity, rainfall and wind velocity 
causing a reduction in aphid population by 10.889, 7.305, 1.268 and 0.693%, 
respectively. On the other hand coccinellids, syrphids, maximum and minimum 
temperature and evaporation showed linear increase in the aphid population by 17.15, 
82.78, 13.93, 16.19 and 20.65%, respectively. 
The regression equation between L. erysimi and other independent variables were as 
under: 
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Coccinellids (Y) 
X = 38.76119 +47.3514 (Y) 
Syrphid (Y) 
X = 24.8956+141.0139 (Y) 
Maximum temperature (Y) 
X =-210.8216 +12.516 (Y) 
Minimum temperature (Y) 
X =-38.3948+15.6069 (Y) 
Maximum relative humidity (Y) 
.X = 452.5215-4.66.67 (Y) 
Minimum relative humidity (Y) 
X = 241.2771-4.1722 (Y) 
Rainfall (Y) 
X= 78.6525-1.4362 (Y) 
Evaporation (Y) 
X =-72.8121+41.9989 (Y) 
Wind Velocity (Y) 
X = 86.6265-10.9817 (Y) 
4.3.1.1 YEAR: 2001-02 
4.3.1.1.1 First sowing 
There was a negative correlation coefficient 'r' between aphids and 
coccinellids (-0.143), maximum (-0.459) and minimum temperature (-0.340). The 
reason for this unusual negative correlation could be attributed to the fact that the 
population of predator and prey was not synchronous, as also reported earlier by 
Mohapatra et.al., (1994) and Kalushkov (1990). On the other hand strong positive 
correlation of aphids was obtained with syrphids (0.863) followed by minimum 
relative humidity (r=0.397), wind velocity (r=0.377), maximum relative humidity 
(r=0.177), rainfall (r=0.154) and evaporation (r=0.009). 
The regression equations computed were as under: 
Coccinellid (Y) 
X = 4.1777-1.9559 (Y) R= 0.0241 
Syrphid (Y) 
X = 0.7504 + 15.4092 (Y) R=0.7443 
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Maximum temperature (Y) 
X = 16.585 - 0.5403 (Y) R=0.2107 
Minimum temperature (Y) 
X = 8.0312-0.5064 (Y) R=0.1153 
Maximum relative humidity (Y) 
X = -8.2762 + 0.1441 (Y) R=0.0313 
Minimum relative humidity (Y) 
X = -3.7366 + 0.1831 (Y) R=0.1572 
Rainfall (Y) 
X = 3.0484+ 0.1112 (Y) R=0.02359 
Evaporation (Y) 
X = 3.4717 +0.0674 (Y) R=0.00007 
Wind velocity (Y) 
X =-2.5056+1.7184 (Y) R=0.1423 
All these factors explain variation in the aphid population ranging from 0.00-74.43% 
43.1.2.2 Second sowing 
The observations recorded in this particular experimental phase encountered 
negative correlation of aphid with maximiun temperature and maximum relative 
humidity, their simultaneous values were r = -0.096, -0.144 respectively. All the other 
parameters showed positive correlation with aphid. 
The regression equations computed were as below: 
Coccinellid (Y) 
X = 19.7695 + 5.4460 (Y) R=0.01246 
Syrphid (Y) 
X = 2.2600 + 181.8531 (Y) R=0.4546 
Maximum temperature (Y) 
X = 42.4287 - 0.9254 (Y) R=0.00925 
Minimum temperature (Y) 
X = 10.491 + 1.5010 (Y) R=0.0144 
Maximum relative humidity (Y) 
X = 76.5947 - 0.6583 (Y) R= 0.0207 
Minimum relative humidity (Y) 
X = 0.6675 + 0.4900 (Y) R= 0.0309 
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Rainfall (Y) 
X = 10.3856 + 3.3872 (Y) R= 0.3465 
Evaporation (Y) 
X = 0.3387 + 7.7838 (Y) R=0.04855 
Wind velocity (Y) 
X = -20.5684 + 10.9362 (Y) R= 0.1825 
Variation in aphid population ranged from 0.92 to 45.46% due to the effect of 
different parameters studied. 
4.3.1.23 Third Sowing 
Correlation analysis indicated positive relation of aphids with abiotic and 
biotic factors except maximum relative humidity. The different parameters viz., 
maximum and minimum temperature, minimum relative humidity, evaporation, 
rainfall, wind velocity, syrphids and coccinellids recorded positive correlation with 
aphids. Their corresponding values were 0.274, 0.503, 0.044, 0.317, 0.708, 0.455, 
0.574, and 0.508, respectively. 
The regression equation obtained were: 
Coccinellid (Y) 
X = 10.5348 + 25.3374 (Y) R=0.2584 
Syrphid (Y) 
X = 7.0608 + 232.7575 (Y) R=0.3289 
Maximxmi temperature (Y) 
X = -51.5273 + 3.3719 (Y) R=0.0749 
Minimum temperature (Y) 
X--29.9759 +7.1767 (Y) R=0.2535 
Maximimi relative humidity (Y) 
X = 153.6393 - 1.5649 (Y) R=0.0873 
Minimum relative humidity (Y) 
X = 15.2029 + 0.1561 (Y) R=0.00197 
Rainfall (Y) 
X =4.7515 +4.6580 (Y) R=0.5012 
Evaporation (Y) 
X =-12.4395 +12.5639 (Y) R=0.1007 
Wind velocity (Y) 
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X =-40.9236+15.3936 (Y) R=0.2072 
It can be concluded after computation of coefficient of determination that all 
the abiotic as well as biotic parameters effect the aphid population from 0.197 to 
50.12%. However, rainfall played a major role as in dislodging the aphids from the 
plants, thus reducing their numbers to a great extent. 
4.3.2 Multiple Correlation-Regression Analysis 
When the data was analysed to determine the cumulative effect of the different 
weather parameters as 'well as the predators on the population dynamics of the 
mustard aphid, it was revealed that during the third sowing of 2000-01, a strong 
positive correlation exhibited between the two, where 'r' (correlation coefficient) was 
to the tune of 0.9603, followed by 0.9397, 0.8338 in the first and second sowings, 
respectively. Similarly, the positive correlation coefficient 'r' existed (0.9246) 
between aphid and abiotic and biotic factors at second sowing of 2001-02. This was 
closely followed by 0.9245 and 0.9063 during third and first sowings, respectively. 
The regression equations computed to predict the aphid population for both the years 
at three sowings were as under: 
4.3.2.1 Year: 2000-01 
4.3.2.1.1 First Sowing 
Y=400.99+(-5.551)(MxT)+(3.855)(MnT)+(-3.647)(MxRH)+(0.896)(Mn 
RH)+( 16.922)(Wv)+(-7.744)(Ev)+(-2.419)(Rf)+(60.510)(Sy)+(-17.417)(Cc). 
4.3.2.1.2 Second Sowing 
Y=639.824+(-l6.857)(MxT)+(13.978)(MnT)+(2.495)(MxRH)+(-9.687)(Mn 
RH)+(81.440)( Wv)+(-76.692)(Ev)+(-1.645)(Rf)+(-219.273)(Sy)+( 103.711 )(Cc). 
4.3.2.1.3 Third Sowing 
Y=-158.992+(-6.553)(MxT)+(-2.095)(MnT)+(1.801)(MxRH)+(3.026)(MnRH)+ 
(-23.245)(Wv)+(20.671)(Ev)+(-4.102)(Rf)4T(151.491)(Sy)+(22.649)(Cc).' 
* Mn=Minimum, Mx=Maximum, T=Temperature, RH=Relative Humidity, Wv=Wind 
velocity, Ev=Evaporation, Rf=rainfall, Sy=Syrphid, Cc=Coccinellid 
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4.3.2.2 Year: 2001-02 
4.3.2.2.1 First Sowing 
Y=l .093+(0.163)(MxT)+(-0.855)(MnT)+(-0.176)(MxRH)+(0.128)(Mn 
RH)+(1.172)(Wv)+(3.652)(Ev)+(0.142)(Rf)+(9.844)(Sy)4<-6.488)(Cc). 
4.3.2.2.2 Second Sowing 
Y=87.799+(-0.683)(MxT)+(-0.110)(MnT)+(-1.646)(MxRH)+(0.368)(Mn 
RH)+(1.454)(Wv)+(17.745)(Ev)+(2.728)(Rf)+(170.096)(Sy)+(-31.254)(Cc). 
4.3.2.2.3 Third Sowing 
Y=156.653+(-0.422)(MxT)+(0.364)(MnT)+(-1.359)(MxRH)+(-1.004)(Mn 
RH)+(7.640)(Wv)+(-8.034)(Ev)+(5.527)(Rf)+(166.887)(Sy)+(-17.339)(Cc). 
These regression equations can be incorporated in the algorithms of a forecasting 
model to predict the incidence of aphids in agro-advisory services. 
From this analysis another important feature that emerged out, was the 
determination of the single most influential factor may be abiotic or biotic that 
adversely effected the aphid population. It was terminated that syrphid definitely had 
an influence on the aphid population as evidenced from the values obtained at the first 
and third sowing of 2000-01 and yet again in the first and second of 2001-02. 
Whereas, coccinellids exhibited significant impact on aphids at second sowing of 
2000-01 while rainfall at third of 2001-02. 
Singh and Malik (1998) and Kanth et.al, (2000) concluded that aphids 
exhibited positive correlations with maximum and minimum temperature whereas, 
Kar and Chakraborty (2000) reported negative correlation between aphids and 
temperature. Bishnoi ei.al, (1992) opined that the temperature of 10-13.5°C and 
relative humidity of 72 to 85% in association with western disturbances in a region 
could be used to predict the rapid multiplication of mustard aphid in B. napus and B. 
juncea. They also advocated that when western disturbances got cleared and there was 
a sharp rise in temperature, the population build-up of aphid intensified. Kashyap and 
Bishnoi, (1988) and Bishnoi et.al, (1992) concluded that temperature had a direct 
bearing on aphid population, more the temperature, lesser was the population. Similar 
was the observation of Kanth et.al, (2000), they concluded that temperature ranging 
from 17.5 to 22°C accompanied by relative humidity varying from 62 to 78% 
favoured aphid population but rainfall had adverse effects. Mathur and Singh (1986), 
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Sinha et.ai, (1989) and Singh and Malik (1998) reported that aphids were negatively 
correlated with maximum and minimum relative humidity. 
As far as predators of the mustard aphid were concerned, syrphids showed 
profound influence over the coccinellids in terms of feeding efficiency as well as 
numerical strength. Further, fluctuation of their population was directly proportional 
to that of the prey numbers. This was evident from the high positive correlation with 
the aphid density. This scrutiny has been reinforced by the results of Kotwal et.al, 
i 
(1984), Shantibala et.al., (1994), Devi et.al., (1996), and Devjani et.ai, (1997). The 
combined effect of the two predators has also been well documented by Sharma and 
Adlakha (1981), Singh and Misra (1986), Mani and Krishnamoorthy (1989), 
Shenhmar and Brar (1995) and Devjani et.al, (1997). All above workers have 
testified the effective role of both predators in the bringing down the population of 
aphids at a considerable low level. It farther intensified when eco-friendly pesticides 
were used on calendar based schedule. 
4.4 EFFICACY OF INSECTICIDAL SPRAYS AGAINST L. ER YSIMI 
Relative efficacy of some of the most commonly used insecticides by the 
farmers of Aligarh and its adjoining areas was determined against L. erysimi, 
Kaltenbach. There were three insecticide spray schedules. The first, was done before 
the flowering stage when aphids initiated their attack in the field and the remaining 
two at 15 days interval after the first spray. Accordingly, spraying was done on the 
crop for two consecutive years. Observations on population count of aphids/10 cm 
terminal shoot/plant (replicated thrice) against different insecticides were recorded at 
1, 7 and 14 days interval after each spray. Data so recorded, was pooled for 
performing analysis of variance. The results have been summarized here under. 
4.4.1 YEAR: 2000-01 
As far as the first spray was concerned (Table 13), the aphid intensity varied 
from 15.85-to 60.71-aphids/lO cm terminal shoot/plant in different treatments. It is 
evident from the data that all the treatments were significantly superior over control in 
reducing population of aphids. On further exploration, it was inferred that 
phosphamidon (0.03%) was the most effective treatment followed by oxydemeton-
methyl (0.03%) and chlorpyriphos (0.05%) in reducing the aphid population, the 
corresponding values were 15.8, 18.2, and 19.9-aphids/lO cm terminal shoot/plant. A 
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glance over the data revealed that dimethoate (0.03%), endosulfan (0.05%) and 
malathion (0.05%) did not exhibit significant variation as shown from their values 
were 22.2, 23.9 and 24.4 aphids/10 cm terminal shoot/plant. Neemarin (1:100 
dilution) exhibited poorest efficacy as (35.8 aphids/10 cm terminal shoot/plant) to 
bring down the aphid population at the reasonable level. 
The data pertaining to the second spray of insecticides showed that all the 
treatments were significantly better over control. Phosphamidon (0.03%) proved to be 
the best treatment followed by oxydemeton-methyl (0.03 %), chlorpyriphos (0.05%), 
endosulfan (0.05%), malathion (0.05%), dimethoate (0.03%), the corresponding 
values on population count were 39.0, 46.5, 49.1, 49.7, 51.2 and 52."2 aphids/10 cm 
terminal shoot/plant. Once again neemarin (1:100 dilution) remained as the least 
effective treatment showing 58.4 aphids/10 cm terminal shoot/plant. 
A glance over data pertaining to the third spray revealed that of all the 
insecticides evaluated phosphamidon (0.03 %) once again, showed superiority over 
other treatments. This' treatment was closely followed by oxydemeton-methyl 
(0.03%), chlorpyriphos (0.05%) and dimethoate (0.05%). The respective population 
count through these treatments were 9.8, 12.7, 14.2, and 16.4 aphids/10 cm terminal 
shoot/plant, respectively. However, endosulfan (0.05%) and malathion (0.03%) 
remained at par with other (21.0 and 21.8 aphids/10 cm terminal shoot/plant). 
Neemarin (1:100 dilution) proved to be the least effective (31.2-aphids/lO cm 
terminal shoot/plant) but was far better against control (42.4 aphids/10 cm terminal 
shoot/plant). 
The intratreatment efficacy based on t^he values obtained for the first spray, 
revealed that although phosphamidon (0.03%) proved to be the best, but was 
statistically at par. with oxydemeton-methyl (0.03%), dimethoate (0.05%) and 
chlorpyriphos (0.05%). However, it differed significantly with endosulfan (0.05%), 
malathion (0.05%) and neemarin (1:100 dilution). Whereas, endosulfan (0.05%) and 
malathion (0.05%) were' statistically at par with each other but differed significantly 
with phosphamidon (0.03%) as well as neemarin (1:100 dilution). When similar 
observations were made for the second spray, it became evident that despite the fact 
that phosphamidon (0.03%) was the best one, nevertheless, statistically at par with 
endosulfan (0.05%), chlorpyriphos (0.05%) and oxydemeton-methyl (0.03%). It 
however, differed significantly with malathion (0.05%), dimethoate (0.03%) and 
neemarin (1:100 dilution). The other treatments, neemarin (1:100 dilut?'^n). 
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dimethoate (0.03%), malathion (0.05%), endosulfan (0.05%), chlorpyriphos (0.05%) 
and oxydemeton-methyl (0.03%) were statistically at par with each other. As far as 
the third spray was concerned, a dissimilar trend was obtained as compared to the 
earlier two sprays wherein, phosphamidon (0.03%) was the most effective treatment, 
though at par with chlorpyriphos (0.03%) and oxydemeton-methyl (0.03%). It 
differed significantly with dimethoate (0.03%), malathion (0.05%), endosulfan 
(0.05%) and neemarin (1:100 dilution) while oxydemeton-methyl (0.03%) was 
statistically at par with chlorpyriphos (0.05%) and dimethoate (0.03%) but it differed 
significantly with dimethoate (0.03%), malathion (0.05%), endosulfan (0.05%) and 
neemarin (1:100 dilution). Nonetheless, dimethoate (0.03%)^ malathion (0.05%) and 
endosulfan (0.05%) were statistically at par with each other but differed significantly 
with neemarin (1:100 dilution). 
When a comparison was made between the efficacy of-the insecticide 
treatments of the first, second and third sprays, it was inferred that phosphamidon 
(0.03%) remained as the best treatment followed by oxydemeton-methyl (0.03%), 
chloqjyriphos (0.05%), dimethoate (0.03%), endosulfan (0.05%), malathion (0.05%) 
and finally neemarin (1:100 dilution). 
4.4,2 YEAR: 2002 
Data obtained for the first spray of 2001-02 revealed that phosphamidon 
(0.03%) happened to be the most effective insecticide against L erysimi (10.0/10 cm 
terminal shoot/plant), followed by oxydemeton-methyl (10.4 aphids). The next order 
of preference was chlorpyriphos (0.05%), and dimethoate (0.03%) but were at par 
with each other (13.2 and 13.9-aphids/lO cm terminal shoot/plant). These treatments 
were very closely followed by endosulfan (0.05%), malathion (0.05%) and neemarin 
(1:100 dilution). The corresponding values were 14.8, 14.9, and 19.3 aphids/10 cm 
terminal shoot/plant. 
As far as the effectiveness of the second spray was concerned, all the 
treatments proved to be superior over control. Here too, phosphamidon (0.03%) 
showed the best performance followed by oxydemeton-methyl (0.03%) and 
chlorpyriphos (0.05%),'however, these two were at par with the former. Their 
corresponding values were 24.8, 26.2, and 26.8-aphids/lO cm terminal shoot/plant. 
The next effective treatments were dimethoate (0.03%), endosulfan (0.05%) and 
malathion (0.05%) showing a population count of 28.3, 29.0, and 29.8-aphids/lO cm 
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terminal shoot/plant. However, neemarin was the least effective treatment exhibiting a 
high population of 34.4 aphids/10 cm terminal shoot/plant. 
The third spray of various insecticides revealed that all the treatments were 
significantly better over control. Phosphamidon (0.03%) was found to be the most 
effective treatment closely followed by oxydemeton-methyl (0.03%) and 
chlorpyriphos (0.05%). The results were more or less akin to first and second spray. 
The intratreatment efficacy based on the data obtained from the test of 
variance exhibited that although phosphamidon (0.03%) was the most effective 
against L erysimi, but it was statistically at par with oxydemeton-methyl (0.03%), 
chlorpyriphos (0.05%), dimethoate (0.03%), malathion (0.05%) and endosulfan 
(0.05%) while it differed significantly with neemarin (1:100 dilution). However, 
chlorpyriphos (0.05%) was statistically at par with dimethoate (0.03%), malathion 
(0.05%), endosulfan (0.05%) and neemarin (1:100 dilution) in the first and third 
spray. While, in the second spray a slight rearrangement in the trend was obtained. 
Here phosphamidon (0.03%) showed the best performance. It remained statistically at 
par with oxydemeton-methyl (0.03%o), chlorpyriphos (0.05%»), dimethoate (0.03%), 
malathion (0.05%) and endosulfan (0.05%) but differed significantly with neemarin 
(1:100 dilution). Oxydemeton-methyl (0.03%) was at par with chlorpyriphos (0.03%»), 
dimethoate (0.03%), malathion (0.05%), endosulfan (0.05%) and neemarin (1:100 
dilution). 
A comparison of the two year data of the three sprays each, to determine the 
efficacy of the insecticide treatments against L. erysimi yielded the following results 
in descending order:- phosphamidon (0.03%))>oxydemeton-methyl (0.03%) 
>chlorpyriphos (0.05%) >dimethoate (0.03%) >endosulfan (0.05%>) >malathion (0.05 
%) >neemarin (1:100 dilution). 
These findings are in complete agreement with that of Bakhetia et.ai, (1986) 
who reported that oxydemeton-methyl and chlorpyriphos were the best in reducing 
aphid population, while Lai and Singh (1987) opined that dimethoate (0.03%) 
followed by oxydemeton-methyl (0.025%) were the best treatments'against aphids. 
Similarly, Khurana and Batra (1989) concluded that oxydemeton-methyl was the best 
treatment, while Kumar et.ai, (1996) opined that chlorpyriphos (0.05%), 
oxydemeton-methyl (0.05%) and monocrotophos (0.04%)) were effective in 
combating the mustard aphid menace whereas, malathion (0.05%) was the least 
effective Prasad (1997) concluded that all the neem formulations were inferior to 
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oxydemeton-methyl. Pal et.al., (1983), Ahmad and Miah (1989), Bhola et.al, (1990), 
Srivastava et.al., (1991), Dutta (1992), Upadhyay and Agarwal (1993), Singh and 
Sircar (1995), Kumar et.al.. (1996), Singh and Malik (1993), Sinha et.al., (1997), 
Singh and Lai (1999), Singh et.al., (1999), Sinha et.al., (2001) have also advocated 
that use of phosphamidon is an effective and economical insecticide to control of 
mustard aphid. However, Kishore and Phadke (1988) and Upendra Kumar (2000) 
proposed that maximum reduction in aphid numbers could be achieved through the 
application of oxydemeton-methyl. 
4.5 BIO-EFFICACY OF INSECTICIDES ON RELATIVE ABUNDANCE 
OF BENEFICIAL INSECTS 
Ever since their discovery, synthetic insecticides have been used 
indiscriminately to control harmful pests. These not only kill the target pest but also 
extinguish the population of non-target/beneficial (predators, parasites and 
pollinators) insects. Besides, their non-judicious use has resulted in hazards to 
envirotunent, human and animal health. Chemicals should be applied only when they 
are needed. The recent concept of adopting other means of pest management, besides 
need based chemical control, emphasizes conservation of natural fauna of any crop 
ecosystem. The most commonly used pesticides, because of their easy availability do 
not assure conservation of non-target species. In the present experiment, while 
evaluating relative performance of various chemicals against aphids, an effort was 
also made to test their relative safety to most potential predators of aphids (C. 
septempunctata and /. scutellaris). The results obtained have been dealt here under on 
the basis of pooled data for two consecutive years. 
4.5.1 COCCINELLA SEPTEMPUNCTATA 
Observations were recorded on the population count of coccinellids (C. 
septempunctata) after each second spray of the different insecticides at weekly 
intervals till the crop maturity. All the treatments, 'except neemarin (2.9 
coccinellids/plant), were found to be toxic. When we look at the comparative analysis 
of toxicity of remaining insecticides, h was inferred that endosulfan, malathion and 
chlorpyriphos were relatively better from the point of view of their deleterious effect. 
The population count on the plants through these treatments were 2.6, 2.1, and 1.8 
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coccinellids/plant. However, phosphamidon (0.03%), dimethoate and oxydemeton-
methyl proved to be lethal. 
4.5.2 ISCHIODON SCUTELLARIS 
When chemicals were applied on the crop it was revealed that the highest 
syrphid population was recorded from neemarin @1:100 dilution, followed by 
4 
endosulfan (0.05%), malathion (0.05%), and chlorpyriphos (0.05%). The 
corresponding values were 2.1, 1.5, 1.3, and 0.8 maggots/10 cm. terminal shoot/plant, 
respectively. The lowest population was however, encountered on phosphamidon 
(0.03%) followed by oxydemeton-methyl '(0.03%) treated crop exhibiting the 
population count of 0.1 and 0.4 maggots/10 cm terminal shoot/plant, respectively. 
These observations .find corroboration in the work of Sarup et.ai, (1966), 
Singh and Malhotra (1976), Sharma and Adlakha (1981), Misra and Satpathy (1984). 
They concluded that endosulfan was found to be the safest for C. septempunctata. 
However, Makhmoor and Malhotra (1993) argued that chlorpyriphos and endosulfan 
at the recommended concentrations could be used for aphid control along with the 
larvae of syrphids in IPM. Malik et.al, (1998) opined that endosulfan and malathion 
were less detrimental to coccinellids, whereas Singh et.al, (1999), and Sharma and 
Kashyap (2002) proposed that endosulfan was relatively safe to Syrphis sp. but highly 
toxic to C. septempunctata, which is not in agreement with our findings. Chakraborti 
(2001) made it clear that phosphamidon was very unsafe to coccinellids and syrphids. 
4.6 ECONOMICS OF DIFFERENT IN^ECTICIDAL SCHEDULES 
Different treatments exerted differential response with reference to net profit 
as well as cost: benefit ratio (Table 15). The profit or net monetary return varied from 
Rs. 7279.7 to 18885.1. The highest return (18885.1) was obtained from the crop 
treated with phosphamidon (0.03%) followed by Rs. 16529.2, 14460.6, 14288.6, 
13960.8, and 12050.8/ha. from oxydemeton-methyl (0.03%), dimethoate (0.03%), 
chlorpyriphos (0.05%), endosulfan (0.05%) and malathion (0.05%). The lowest net 
return of Rs. 7279.7/ha was however, obtained when the crop was treated with 
neemarin (1:100 dilution). Thus, it could be inferred that all the insecticides, except 
neemarin (1:100 dilution) when applied to the crop performejd better. A similar trend 
was observed while calculating cost: benefit ratio. Maximum cost: benefit rafio of 
1:71.94 was obtained from phosphamidon (0.03%) followed by 1:22.95 on both 
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malathion (0.05%) and dimethoate (0.03%), 1:16.62, 1:16.40 and 1:9.72 from 
oxydemeton-methyl (0.03%), endosulfan (0.05%) and chlorpyriphos (0.05%), 
respectively while minimiun of 1:6.08 from neemarin (1:100 dilution) treated crop. 
Similar results were also reported by Verma (1980), Baral et.al, (1986), Suri 
and Singh (1993). According to Kumar et.al, (1996) chlorpyriphos followed by 
phenthoate and malathion gave the highest. Furthermore, Upadhyay and Agarwal 
(1993), Patel et.al, (1995), Singh and Malik (1998), Singh et.al, (1999) and Kumar 
(2000) concluded that spraying of phosphamidon and oxydemeton-methyl were very 
promising and gave the highest net profit and cost benefit ratio which is in strong 
conformity with present findings. 
4.7 YIELD 
It may not 'he, out. of place to mention here that the effect of various 
insecticides and consequent population build-up of Z,. erysimi had a direct bearing on 
the healthy pod setting and subsequent yield. The data clearly indicated that all the 
treatments differed significantly over control (Table 16). Efficacy of the insecticide 
treatments was also adjudged by the analysis of variance for seed yield. 
In 2000-01, when phosphamidon (0.03%) was applied at three different 
intervals, at different stages of crop growth, it was gauged to be the best. The resultant 
yield was 1480.5 kg/ha. The second best treatment was of oxydemeton-methyl 
(0.03%), followed by dimethoate (0.03%), chlorpyriphos (0.05%), endosulfan 
(0.05%) and malathion (0.05%). Their corresponding yields were 1333.6, 1239.3, 
1206.4, 1125.9, and 957.8 kg/ha. respectively. Crop treated with neemarin (1:100 
dilution) produced the lowest yield of 651.1 k ^ a . 
A study over the yield obtained during 2001-02 indicated that maximum seed 
yield (1545.6 kg/ha) was yet again obtained from phosphamidon (0.03%)) treated crop 
followed oxydemeton-methyl (0.03%)). The other effective treatments were 
dimethoate (0.03%), oxydemeton-methyl (0.03%), endosulfan (0.05%) and malathion 
(0.05%). Their corresponding yields were 1453.9, 1379.7, 1317.6, 1256.2, and 1094.7 
kg/ha. respectively.. Once again neemarin (1:100 dilution) did not show a promising 
role in restricting the multiplication of aphids as compared to others, though there was 
a significant improvement in increase of yield (797.1 kg/ha) as compared to check 
(105.6kg/ha). 
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In an attempt to get a clear view of yield, the data of 2000-01 was subjected to 
analysis of variance and a comparison made between the treatments revealed that all 
the treatments differed significantly with control. The yield obtained through 
phosphamidon (0.03%), oxydemeton-methyl (0.03%), dimethoate (0.03%), 
chlorpyriphos (0.05%), and endosulfan (0.05%) were found to be at par, while 
neemarin (1:100 dilution) gave the least yield and differed significantly from the rest. 
For the next year 2001-02, analysis of variance exhibited that the yield from 
phosphamidon (0.03%) was at par with endosulfan (0.05%), chlorpyriphos (0.05%), 
dimethoate (0.03%) and oxydemeton-methyl (0.03%) but differed significantly with 
neemarin (1:100 dilution) and malathion (0.05%)). Though malathion (0.05%>) proved 
to be at par with endosulfan (0.05%)), chlorpyriphos (0.05%)), dimethoate (0.03%)), 
oxydemeton-methyl (0.03%)) and neemarin (1:100 dilution). 
Pooled data (2000-02) for insecticide sprays to minimize the aphid attack and 
subsequent yield revealed that phosphamidon (0.03%) was found to be superior 
treatment with a resultant yield of 1573.067 kg/ha, followed by oxydemeton-methyl 
(0.03%>), dimethoate (0.03%) and chlorpyriphos (0.05%). Their corresponding yields 
were 1393.783, 1309.555, and 1262.035 kg/ha, respectively. Spraying of endosulfan 
(0.05%)) and malathion (0.05%) to control aphid gave resultant yield of 1191.066 and 
1026.274 kg/ha. respectively. However, neemarin (1:100 dilution) did not ensure 
good yield (724.1 kg/ha) was not better. The test for analysis of variance revealed that 
phosphamidon remained at equivalence to dimethoate, chlorpyriphos and 
oxydemeton-methyl whereas; malathion, endosulfan, chlorpyriphos and dirhethoate 
were at par. 
Variation in seed yield obtained from the different treatments could be the 
result of a differential effect of the insecticides used in protecting the crop from aphid 
attack. Many workers have reported differences in seed yield by the application of 
various chemicals against aphid attack. Vermji and Singh (1987) reported reduction in 
seed yield up to 93.3 per cent under severe infestations by the aphids, similar 
conditions prevailed in the present findings during 2000-01. Furthermore, Brar 
e/.fl/.,(1987) opined that yields obtained from different Brassica sp. resulted in yield 
variations from year to year and even in different fields at the same locations. Sekhon 
and Bakhetia (1994) proposed that there was an inverse relationship with aphid 
incidence as far as yield was concerned. Kakar and Dogra (1979) found that methyl-o-
demeton followed by dimethoate, methyl-parathion and endo<;ulfan were the better 
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treatments in order to get effective control of mustard aphid, and also better seed 
yield. According to Zaman (1990) dimethoate and primicarb were better while Jadhav 
and Singh (1990) advocated rogor (0.03%) as the best treatments to obtain maximum 
yield. Recently, Kumar et.al, (1996) and Kumar (2000) reported that chlorpyriphos, 
oxydemeton-methyl and monocrotophos were the most effective treatments in 
obtaining maximum- yield in mustard against aphid attack. Such observations further 
strengthen our findings. 
4.8 PREDATION POTENTIAL OF PREDATORS 
4.8.1 C. SEPTEMPUNCTATA 
At 18±1°C, the feeding potential of the various instars (I, II, III, and IV) varied 
from 7 to 33, 147 to 188, 172 to 199 in the first generation and 8 to 30, 57 to 121, 133 
to 179, 162 to 191 aphids/larva in the second, respectively. Total consumption of 
aphids during the entire larval period ranged between 460 to 644 and 435 to 577 
aphids/larva in the first and second generations, respectively. Similarly, at 24±1°C the 
corresponding values were 9 to 45, 60 to 130, 133 to 170, 164 to 185/larva and 1 to 
55, 54 to 119, 122 to 157 and 154 to 188 aphids, during the first and second 
generations, respectively. Besides, the total consumption was 221 to 350 and 205 to 
341 aphids/larva in the firstand second generation, respectively. While at 28±1°C, the 
consimiption of aphids by I, II, III, IV larval instars varied from 1 to 49, 72 to. 141, 
163 to 186 and 183 to 197 aphid nymphs/larva in the first generafion and 12 to 52, 69 
to 140, 149 to 188 and 181 to 190 aphids in the second, respectively. A single larva, 
during, during its life span, could consume 190 to 320 and 193 to 301 nymphs during 
first and second generation, respectively. 
When studies were conducted at fluctuating temperatures it was revealed that 
at 18/24±1°C different instars of larvae (I, II, III and IV) of the first generafion could 
consumed 13 to 52, 79 to 160, 150 to 179, 166 to 199 whereas of the second 
generation could feed on 16 to 54, 78 to 167, 144 to 170, 175 to 204 aphids/larva, 
respectively. A single larva was able consume aphid nymphs in the -range of 397 to 
450 and 361 to 437 during first and second generation, respectively. Furthermore, at 
18/28±1*'C the number of aphids consumed during the various developmental stages 
in the first generation, was'll to 33, 44 to 98, 79 to 105 and 94 to 130 whereas, in 
second generation the quantum of feeding was 12 to 35, 40 to 93, 84 to 111, 87 to 129 
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aphids/larva. A single larva before entering into pupal stage predated upon 172 to 287 
and J 45 to 255 aphids in. the first and second generation, respectively. Similarly, at 
24/28''C the corresponding values of different larval instars were to the tune of 14 to 
38, 36 to 74, 97 to 136, 109 to 143 in the first and 17 to 44, 32 to 62, 105 to 141, 101 
to 137 aphids/instar in the second generation, respectively. The total feeding was to 
the tune of 131 to 220 (first generation) and 138 to 197 aphids/larva (second 
generation). 
4.8.2 I. SCUTELLARJS 
Three larval instars were recorded for /. scutellaris, all exhibited feeding 
potential of varying magnitude. At 18+l''C, different developmental instars (1, II, and 
III) consumed aphids in the range of 7 to 40, 74 to 158, 174 to 248, respectively 
during, first generation while the corresponding values in the second generation were 
6 to 39, 71 to 151, 152 to 219 aphids/maggot. However, the total number of aphids 
consumed during entire life span was encountered as 350 to 475 (first generation) and 
250 to 430 aphids/maggot (second generation). At 24±1°C, the number of aphids 
consumed by I, II, III larval instars was in the range of 10 to 61, 90 to 173, 197 to 295 
(first generation) and 7 to 54, 73 to 140, 183 to 263 aphids (second generation), 
respectively. However, the total number of aphids' consumed/maggot was found to be 
337 to 776 and 290 to 457 in first and second generations, respectively. Nonetheless, 
it was only one maggot devoured 776 aphids while rest the others could consume on 
an average of 490 aphids.. When observations were recorded at a temperature of 
28±1°C, it was revealed that the different instars (I, II, and III) preyed upon 12 to 54, 
81 to 160, 155 to 208. nymphs less were consumed by the population of second 
generation, the corresponding range for respective instars was 11 to 55, 77 to 130, 130 
to 180. However, a single maggot was able to devour 245 to 435 and 218 to 423/larva, 
in the first and second generation, respectively. 
When the experiment was conducted out at fluctuating temperature of 
18/24±1°C, the feeding potential of the different instars (l^  II, III) during the first 
generation was 16 to 60, 93 to 180, 160 to 225 and in the second generation as 12 to 
62, 84 to 161, 150 to 217 (second generation), respectively. Nonetheless, the total 
number of aphids consumed by an individual was a 370 to 572 and 340 to 490 aphid, 
nymphs at first and second generation, respectively. At a fluctuating temperature of 
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18/28±1 C, the consumption of aphids during I, II, III inst&rs was evaluated to be 11 
to 47, 76 to 153, 149 to 171 in the first and 10 to 39, 77 to 133, 144 to 165 aphids at 
respective instars in the second generation. However, the total consumption by a 
single maggot during its life span ranged between 191 to 350 and 187 to 352 aphids 
for the first and second generation, respectively. When fluctuation in temperature was 
narrowed, but at higher side i.e. 24/28°C, the predation by the various instars was 
recorded as 17 to 49, 50 to 92, 87 to 120 and 5 to 37, 46 to 93, 67 to 104 during first 
and second generation, respectively. Furthermore, the total number of aphids 
devoured by a single maggot fluctuated between 150-197 and 141-192 in the first and 
second generation, respectively. 
From the above findings it was inferred, that in all the cases feeding efficiency 
increased progressively with the advancement of age of the insect, as has also been 
observed by Mohammad and Mahmood (1986); Devi et.al., (1996); Chandrababu 
et.al, (1997); Kotwal et.al, (1984); Shantibala et.al, (1994). The combined effect of 
coccinellid and syrphids in the management of the aphid below the economic injury 
level has also been well documented by Sharma and Adlakha (1981); Singh and Misra 
(1986); Dhiman and Kumar (1986); Singh and Misra (1988); Mani and 
Krishnamoorthy (1989), Radhakrishnan and Muraleedharan (1993); Singh (1994); 
Shenhmar and Brar (1995); Singh and Misra (1988) advocated that at 20°C a single 
maggot can consume about 260 aphids {R. maidis) till pupation. Whereas, Lai and 
Haque (1965) observed the consumption of 321 aphids {Rhopalosiphum 
pseudobrassicae on mustard) at 22.2 C. Agarwal and Saha (1986) however, observed 
618 aphids {Aphis gossypii Glover on cotton) at 12.7 to 30.7°C. Such differences 
might be due to prey specificity. The present findings are in complete agreement with 
the work of Lai and Haque (1965) and Roy and Basu (1977) who opined that at a high 
temperature, the voracity of predators larvae/day increases, but there would be 
reduction in the total consumption of prey due to shortening of the total feeding/larval 
period. 
4.9 AGE SPECIFIC LIFE-TABLES 
4.9.1 C SEPTEMPUNCTA TA AT CONSTANT TEMPERATURES 
From the tables (18 to 23, Fig. 1 -3) it was evident that this insect completed its 
generation in 68 days at ISil'^C (gen. II) followed by 65 and 50 days at 18±1°C (gen. 
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I), and 24±1°C (gen. I), respectively. In contrast the minimum period for the 
completion of the generation was of 40 days at 28±1°C (gen. II). The life expectancy 
pattern remained similar in all the cases wherein regular drop was recorded 
throughout the generation. However, a negligible rise was observed on the day 4, 5, 8 
at 18±1°C (gen. I), day 2, 3, 8, 25, 47, 65 at 18±1°C (gen. II), day 3 at 24±l'^C (gen. I, 
II), day 17 at 28±1°C (gen. I), day 2, 3, 13, 14 and 17 at 28±1°C (gen. II). 
4.9.2 AT FLUCTUATING TEMPERATURES 
Fluctuating temperatures (Table 24 to 29, Fig. 4-6) indicated that C. 
septempunctata required a maximum of 58 days at 18/28±1°C (gen. I) to complete its 
entire generation and a minimum of 46 days at 24/28±l°C (gen. II). However, it took 
53 and 52 days at 18/24+l°C (gen. I), 18/28±1°C (gen. II), respectively. The life 
expectancy in general showed marginal decline till the culmination of generation. 
Negligible increase was however, encountered on day 8 at 18/24±1°C (gen. II), day 3 
and 46 at 18/28±1°C (gen. I), day 2 and 3 at 18/28±1°C (gen. II), and 24/28±l°C (gen. 
I). 
4.9.3 /. SCUTELLARIS AT CONSTANT TEMPERATURES 
Perusal of data (Table 30 to 35, Fig. 7-9) indicated that the longest generation 
time (52 days) for /. scutellaris was recorded at 18±1°C (gep. I) followed by 45 and 
42 days at 18+1°C (gen. II) and 24±1°C (gen. I), respectively, while the shortest (29 
days) at 28±1 C (gen. II). Intermittent pauses in age specific survivorship (Ix) were 
observed irrespective of the temperature, range during both generations. As far as, life 
expectancy (ex) was concerned it noted a steady decline throughout the generation at 
all the temperatures except at 18±1°C (gen. I). Nonetheless, negligible increase was 
encountered on day 2 and again at 18±1°C (gen. II) while day 2 and 3 revealed a 
marginal increase. 
4.9.4 AT FLUCTUATING TEMPERATURES 
A comparison of age specific life-tables (Tables 36 to 41, Fig. 10-12) at 
fluctuating temperatures was made, it was revealed that /. scutellaris required a 
maximum of 42 days at 18/24±1°C (gen. I) followed by 35 days at 18/28±l''C (gen. 
II) and 24/28±l C (gen. I). In contrast the minimum generation time was of 29 days 
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at 24/28±l'^C (gen. II). After an initial drop in age specific survivorship (Ix) from day 
1 to 4, the stability in Ix was observed for some days, intermittently, at varying 
temperatures and generations. The life expectancy (ex) exhibited a marginal drop till 
the culmination of the generation in all the investigations. However, it recorded 
negligible increase on day 11 at 18/28±1°C (gen. I), day 2 and 13 at 18/28±1°C (gen. 
II) and day 2 at 24/28±l^C (gen. II). 
From the observations for both predators, it was inferred that C. 
septempunctata needed maximum of 68 days to complete its cycle at a constant 
temperature of 18*^ 0 (gen. II) followed by 65, 58 days at 18°C (gen. I) and at a 
fluctuating temperature of 18/28°C (gen. I). On the contrary, the minimum period 
was of 40 days at 28°C (gen. II). As far as life expectancy (ex) was concerned, it 
revealed slow and steady decline from the day one till the termination of the 
generation. It, however, noted a marginal increase on the day 4, 5, 8 at 18°C (gen. I), 
day 2, 3, 8, 25, 47, 65 at 18°C (gen. II), day 3 at 24°C (gen. I, II), day 17 at 28°C (gen. 
I), day 2, 3, 13, 14, and 17 at 28°C (gen. II) day 8 at 18/24°C (gen. II), day 3 and 46 at 
. 18/28°C (gen. I), day 2 and 3 at 18/28°C (gen. II), and 24/28°C (gen. I). 
On the other hand /. scutellaris required a maximum of 52 days at 18°C (gen. 
I) to complete its generation, followed by 45 days at 18°C (gen. II), 42 days at 24''C 
(gen. I) and 18/24°C (gen. I). Contrary to this, the minimum of 29 days at 28°C (gen. 
II) and 24/28°C (gen. II). Life expectancy (ex) had a more or less similar trend at all 
the' temperatures and generations, it showed steady and gradual decline till the 
culmination of each generation. A marginal increase in ex was however, encountered 
on day 3 at 18°C (gen. I), day 2 and 3 at 18°C (gen. II), day 11 at 18/28°C (gen. I), day 
2 and 3 at 18/28°C (gen. II) and day 2 at 24/28°C (gen. II). ' 
The observations recorded and the resultant data for age specific life-table of 
C. septempunctata and /. scutellaris clearly indicated that survivorship (Ix), death (dx) 
and life expectancy (ex) at the different temperatures vis-a-vis generations were not 
the same, though, the trend followed was evidently similar. Besides, the graphic 
representation of these three parameters also exhibited an analogous model. 
The initial drop in survivorship was a result of the embryonic death in all the 
cases. The present study found similarity with the works of Choudhary and 
Bhattacharya (1986), Reddy and Bhattacharya (1988), Rizvi (1988), Naqvi (1998), 
Dar (1998), Pathak and Rizvi (2002) who have also held the same opinion in their 
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experiments on Heliothis armigera, Spilosoma obliqua, Corcyra cephalonica, 
Spodoptera litura and P. demoleus, respectively. After an initial decline, the decrease 
in survivorship was intermittent, and this pattern continued till the termination of the 
generation. Thereafter, steep derogation was noticed at adult stages, irrespective of 
temperatures, insect species and generations.'The survivorship curve thus obtained, 
gave stair-step appearance as already reported by Odum (1971) for holometabolous 
insects. Other workers have held the same opinion for such curves on a variety of 
insects (Singh, 1984; Choudhary and Bhattacharya, 1986; Dar, 1998; Naqvi, 1998; 
Khurshid, 2001). The survivorship curves also followed intermediate to standard type 
I and type II as proposed by Deevy (1947) and Slobodkin (1962). The present 
outcome is in strong agreement with that of Reddy and Bhattacharya (1988). 
As far as life expectancy of C. septempunctata and /. scutellaris was 
concerned, it declined marginally till it reached 1.0, coinciding with culmination of 
the generation. At some instances negligible increase was however, noticed in the life 
expectancy. This tendency of increase and decrease in expectancy of life was 
attributed on account of death of the two insect species at different age interval. 
Similar was the opinion of Singh (1984), Pathak and Rizvi (2002) for varied insects. 
The duration of the different stages obtained in the present studies are in complete 
agreement with the findings of Butler (1982). 
4.1() STAGE SPECIFIC LIFE-TABLES 
4.10.1 C. SEPTEMPUNCTATA AT CONSTANT TEMPERATURES 
Apparent Mortality 
A perusal of tables (42 to 47) pertaining to apparent mortality of C. 
septempunctata at three constant temperatures (18°C, 24°C, 28 ± 1°C) and 70 ± 5% 
relative humidity and two successive generations revealed pronounced variations in 
the trend of mortality at different developmental stages. At the egg stage, the highest 
apparent mortality (15%) was found at 28°C (gen. II) and lowest (8%) at 18°C (gen. 
II) and 24°C (gen. I). However at 18°C (gen. I), 24°C (gen. II) and 28^0 (gen. I), the 
corresponding values were 9, 10 and 12%, respectively. As far as, first instar larval 
stage was concerned, apparent mortality was maximum (8.24%) at 28°C (gen. II) and 
minimum (5.43%) at 18°C (gen. II) whereas, values obtained at 18°C, 24°C, and 28''C 
were close to each other, it ranged from 5.49 to 6.52%). The second instar larval stage 
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of C. septempunctata at 18°C (gen. I) did not show any apparent mortality while the 
highest of 4.82% was computed at 28°C (gen. I). The intermediate values of 1.16, 
2.30, 3.53 and 3.85% were obtained at 24°C (gen. I), IS^C (gen. II), 24°C (gen. II) and 
28°C (gen. II), respectively. It was interesting to note that third instar larvae did not 
exhibit any mortality at 18°C (gen. I, II), 24°C (gen. I, II) and 28°C (gen. I), however, 
at 28°C (gen. II) the larvae did the deaths to the tune of 2.67%. As far as fourth instar 
larvae were concerned, they also exhibited pronounced variation in their mortality 
pattern. A high of 8.24% mortality was recorded at 24''C (gen. I) in contrast to cent 
per cent survival at I8°C (gen. II) and 24°C(gen. II). The mortality of 2.33, 2.53 and 
5.48% was however recorded at 18°C (gen. I), 28''C (gen. I), 28°C (gen. II), 
respectively. Nevertheless, the mortality trend at the pre-pupal stage revealed less 
variation. The highest mortality of 11.76% was recorded at 18°C (gen. II) followed by 
10.98, 10.14, 9.09, 8.97 and 8.33% at 24''C (gen. II), 28°C (gen. II), 28°C (gen. I), 
24''C (gen. I) and 18*^ 0 (gen. I), respectively. In contrast, at the pupal stage, a reverse 
trend was noticed exhibiting variation of high magnitude. The maximum value 
(9.33%) was encountered at 18°C (gen. II) followed by 7.14, 6.49, 5.63, 4.11, 3.23% 
at 28°C (gen. I), 18°C (gen. I), 24°C (gen. I), 24°C (gen. II), 28°C (gen. II), 
respectively. 
Stage Specific Survival Fraction (Sx) 
Variation in survival fraction (Sx) was of low order at the egg stage at 
different temperatures vis-a-vis generations. However, the maximum Sx (0.92) was 
recorded at 18°C (gen. II), and 24°C (gen. I), and minimum (0.85) at 28°C (gen. II). 
When a comparison was made between the different larval stages, it was noted that 
the values were more or less at par with each other. The highest value (1.0) of Sx was 
obtained at second instar at 18°C (gen. I), third instar at IS^C (gen. I, II), 24°C (gen. I, 
II), 28°C (gen. I), and in the fourth instar at I8°C (gen. II), 24''C (gen. II), whereas, the 
lowest (0.92) at the first instar at 28°C (gen. II) and fourth instar stage at 24°C (gen. 
I). Similar was the pattern for Sx at pre-pupal stage where the value ranged between 
0.88 and 0.92 at IS^C, gen. I and yet again at 18V but gen. II. Further, at the pupal 
stage, the Sx was a high of 0.97 at 28°C (gen. II) followed by 0.96 at 2 4 ^ (gen. II), 
0.94 at 18V (gen. I), 0.93 at 28°C (gen. I) and lastly 0.91 at 18°C (gen. II). 
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Mortality Survivor Ratio (MSR) 
The data on the survival ratio revealed that of all the developmental stages the 
highest (0.18)and the lowest ratio (0.14) was at the egg stage at 28°C (gen. II), 28°C 
(gen. I), however, second instar larval stage at 18°C (gen. I), third instar at 18°C (gen. 
I, II), 24°C (gen. I, II), 28°C (gen. I), fourth instar at 18°C (gen. I), 24°C (gen. II) did 
not reveal any mortality; hence the ratio remained as zero. 
As far as the variations of MSR within the developmental stages was 
concerned, the values exhibited a decreasing trend from the egg to the late instar 
larval stage, then there was a sharp rise in ratio at the pre-pupal stage paving way for 
decline in value at the pupal stage irrespective of the temperatures and generations. 
Indispensable Mortality (IM) 
It was apparent from the data that the trend for IM was similar to that of MSR. 
When a comparison was made between the various developmental stages, the 
maximum IM to the tune of 10.59% was at the egg stage at 28°C (gen. II) followed by 
a second high of 9.07% at the pre-pupal stage at 18°C (gen. II). The minimum IM was 
zero at second instar at 18°C (gen. I), third instar at 18°C (gen. I, II), 24^0 (gen. I, II), 
28°C (gen. II), fourth instar at 18°C (gen. II), and 24°C (gen. II). 
k-Values 
The data evidently exhibited that k-values pattern was exactly similar to MSR 
and IM. There was an apparent variation in k-values computed for different 
developmental stages, the highest 'k' (0.0706) being at the egg stage at 28°C (gen. II) 
followed by 0.0544 at the pre-pupal stage at 18*^ C (gen. II). However, the second 
instar at 18°C (gen. I), third instar at 18°C (gen. I, II), 24°C (gen. I, II), 28°C (gen. II), 
fourth instar at 18°C (gen. II), 24*^ 0 (gen. II) did not reflect variation and 'k' remained 
as nil. 
4.10.2 AT FLUCTUATING TEMPERATURES 
Apparent Mortality 
From the tables (48 to 53) it was inferred that apparent mortality showed a set 
trend, the values decreased from egg to third/fourth instar stage then increased at the 
pre-pupal stage and once again declined at the pupal stage. However, the highest 
apparent mortality of 13% was at the '-gg stage at a fluctuating temperature of 
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24/28°C (gen. II) followed by 11% at the same stage but at 18/28°C (gen. II) and 
24/28''C (gen. I). Contrary to this, cent per cent survival was encountered at second 
instar at 18/24°C (gen. I), 18/28°C (gen. I, II), third instar at 18/24°C (gen. I, II), and 
24/28°C (gen. II). 
Stage Speciflc Survival Fraction (Sx) 
A glance over data revealed that a reverse trend in Sx was obtained as 
compared to apparent mortality at various temperatures and generations. The 
comparison of Sx at various developmental stages recorded the highest value (1.0) at 
second instar at 18/24°C (gen. I), 18/28°C (gen. I, II), third instar at 18/24°C (gen. I, 
II), 24/28°C (gen. II) followed by 0.99 at second instar at 18/24°C (gen. II), third 
instar at 18/28°C (gen. I, II), 24/28°C (gen. I). In contrast, the lowest Sx (0.90) was at 
fourth instar at 24/28°C (gen. I) and at pupal istage at 18/28°C (gen. II), and 24/28°C 
(gen. II), respectively. 
Mortality Survivor Ratio (MSR) 
Variation in MSR was of high order among the different developmental stages 
at different temperatures vis-a-vis generations. The pattern was however, opposite to 
Sx but similar to apparent mortality. The highest MSR of 0.15 was found to be at the 
egg stage at 24/28°C (gen. II), in comparison to nil at second instar stage at 18/24°C 
(gen. I), 18/28°C (gen. I, II), third instar at 18/24°C (gen. I, II), and 24/28°C (gen. I). 
Nonetheless, the second lowest value was 0.01 at second instar at 18/24°C (gen. II), 
third instar at 18/28°C (gen. I, II), 24/28°C (gen. I), respectively. 
Indispensable Mortality (IM) 
A marked variation was recorded foi* IM values at different developmental 
stages. The highest IM to the tune of 8.19% was obtained at the pre-pupal stage at 
18/24°C (gen. I) while, the second instar at 18/24''C (gen. I), 18/28°C (gen. I, II), third 
instar at 18/24''C (gen. I, II), and 24/28°C (gen. I) did not show any mortality. 
k-Values 
The k-values remained nil at the second instar at 18/24°C (gen. I), 18/28*'C 
(gen. I, II), third instar at W24^C (gen. I, II), 24/28°C (gen. I) followed by 0.005 at 
the second instar at 18/24V (gen. II) whereas, the maximum of 0.0605 was at egg 
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stage at 24/28"C (gen. II). When total generation mortality 'K' was computed, it was 
revealed that fluctuating temperature of 24/28°C (gen. I) did not favour the overall 
development of C. septempunctata wherein total 'K' remained at a high order 
(0.2147), in contrast to 0.1427 at 18/24°C (gen. II) indicating least suitability for the 
development. 
4.10.3 /. SCUTELLARIS AT CONSTANT TEMPERATURES 
Apparent Mortality 
A perusal of tables (54 to 59) pertaining to apparent mortality at the various 
stages of development, generations, and temperatures revealed considerable variation 
in the values obtained. The maximum apparent mortality to the tune of 27.14% was at 
the pupal stage at 24^C (gen. I). On the contrary, its minimum value (zero) was at first 
instar at 24°C (gen. I), second instar at 18°C (gen. I, II), 24°C (gen. II), and pre-pupal 
stage at 24°C (gen. II). 
Stage Specific Survival Fraction (Sx) 
Data analysis for Sx at different developmental stages, revealed that its trend 
was opposite to app^ent mortality It was evident that maximum ratio (1.00) was at 
first instar at 24°C (gen. I), second instar at 18°C (gen. I, II), and pre-pupal stage at 
24°C (gen. II). The minimum Sx (0.73) was obtained at 24°C (gen. I) at pupal stage. 
Mortality Survivor Ratio (MSR) 
MSR exhibited a maximum of 0.37 at the pupal stage at 24°C (gen. I), 
however, the minimum of zero was encoimtered at first instar at 24^C (gen. I), second 
instar at 18°C (gen. I, II), 24°C (gen. II), and pre-pupal stage at 24°C (gen. I, II). 
Indispensable Mortality (IM) 
Yet again marked variation was recorded for IM values between various 
developmental stages at different temperature^ vis-a-vis generations. The highest IM 
of 19% was observed at pupal stage at 24°C (gen. I), and 28°C (gen. I) the first instar 
at 24°C (gen. I), second instar at 18°C (gen. I, II), and pre-pupal stage at 24°C (gen. 
II), respectively did not reveal any IM. 
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k-Values 
k-values exhibited the pattern in accordance with IM, wherein maximum value 
to the tune of 0.1375 was obtained at the pupal stage at 24°C (gen. I) and the 
minimum of zero at first instar 24°C (gen. I), second instar at 18°C (gen. I, II), and 
pre-pupal stage at 24°C (gen. II). When a comparison was made between total 
generation mortality 'K' of /. Scutellaria, it was propounded that different 
temperatures showed direct bearing on the overall development of this species. Total 
generation mortality'was of high order (0.2924) followed by 0.2596 at 24V in first 
generation and 28°C (gen. II), respectively. However, when this specie was reared at 
18*^ C (gen. I) proved to be favourable (K= 0.1367) for the overall development. 
4.10.4 AT FLUCTUATING TEMPERATURES 
Apparent Mortality 
While comparing apparent mortality (Table 60 to 65) at the different 
temperatures vis-a-vis generations, it was revealed that the maximum apparent 
mortality to the tune of 13.51 followed by 13.25% was obtained at 24/28°C (gen. II), 
18/28°C (gen. I), respectively. No mortality was however, recorded at first instar at 
18/24°C (gen. I, II), 18/28°C (gen. I), second instar at 18/28°C (gen. II), 18/24°C (gen. 
II), 24/28°C (gen. I, II), and pre-pupal stage at 18/24°C (gen. I, II). 
Stage Specific Survival Fraction (Sx) 
As far as Sx was concerned, of all the stages compared, its lowest value (0.86) 
was obtained at pupal stage at 24/28°C (gen. II) whereas, the highest of 1.00 at 
18/24°C (gen. I, II), 18/28°C (gen. I), 18/24°C (gen. II), 18/28^ (gen. II), 24/28°C 
(gen. I, II), 18/24°C (gen. I, II). at first instar, second instar, pre-pupal stage, 
respectively. 
Mortality Survivor Ratio (MSR) 
A reverse trend for MSR was obtained as compared to Sx, the maximum value 
(0.22) was at the pupal stage at 18/28°C (gen. I) and nil at first instar at 18/24°C (gen. 
I, II), 18/28°C (gen. I), second instar at 18/24°C (gen. II) 18/28°C (gen. II), 24/28°C 
(gen. I, II), and pre-pupal stage at 18/24°C (gen. I, II), respectively. 
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Indispensable Mortality (IM) 
A high of 12% IM was encountered at th& pupal stage at 18/28*^0 (gen. I) as 
compared to zero at first instar at 18/24°C (gen. I, II), 18/28°C (gen. I), second instar 
at 18/24° (gen. II), 18/28°C (gen. II), 24/28°C (gen. I, II), and pre-pupal stage at 
18/24°C (gen. II), respectively. 
k-Values 
Comparative analysis of mortality at the different temperatures and 
generations exhibited highest 'k' of 0.0872 at'pupal stage at 18/28°C (gen. I) contrary 
to zero at first instar at 18/24°C (gen. I, II), 18/28°C (gen. I), second instar at 18/24°C 
(gen. II), 18/28°C (gen. II),.24/28°C (gen. I, II), and pre-pupal stage at 18/24°C (gen. 
II). Furthermore, the total generation mortality 'K' was the maximum (0.2676) at 
18/2*^ 0 (gen. I) followed by 0.2218 at 18/28°C (gen. II), respectively. Interestingly, 
the minimum of 0.0809 was recorded at 18/24°C (gen. I). 
When a comparison of data for the different developmental stages and 
generations of C septempunctata at three constant and fluctuating temperatures was 
made, it was inferred that apparent mortality remained at a maximum of 15% at egg 
stage at 28°C (gen. II) followed by 13% at 24/28°C (gen. II), 12% at 28°C (gen. I), 
11% at the same stage at 18/28°C (gen. II), 24/28°C (gen. I). The second instar at 
18°C (gen. I), 18/24°C (gen. I), I8/28°C (gen. I, II), third instar at 18°C (gen. I, II), 
24°C (gen. I, II), 28°C (gen. I), 18/24°C (gen. I, II), 24/28°C (gen. II), fourth instar at 
18°C (gen. II) and 24°C (gen. II) did not show any mortality. 
The Sx was the lowest (0.85) at egg stage at 28°C (gen. II) followed by 0.87 at 
the same stage but at 24/28-°C (gen. II) while, the highest (1.00) was at second instar 
at 18°C (gen. I) 18/24°C (gen. I), 18/28°C (gen. I, II), third instar at 18°C (gen. I, II), 
24°C (gen. I, II), 28°C (gen. I), 18/24°C (gen. I, II), 24/28°C (gen. II), fourth instar at 
18°C (gen. II) and 24°C (gen. II), respectively. Variation in Sx at all the 
developmental stages, of both the generations at all the six temperatures was of high 
order. Least variation was obtained at the third instar at all the temperatures and 
generations. This was followed by second, fourth and first instar larval stages. 
Further, the egg stage exhibited the highest variation as compared to others. 
Data compared for MSR at the various stages recorded the maximum value to 
the tune of 0.13 at pre-pupal stage at 18°C (gen. II), 24/28V (gen. II) in contrast to 
zero at second instar at 18°C (gen. I) 18/24°C (gen. I), 18/28^^ 0 (gen. I, II), third instar 
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at 18°C (gen. I, II), 24°C (gen. I, II), 28°C (gen. I), 18/24°C (gen. I, II), 24/28°C (gen. 
II), and fourth instar at 18°C (gen. II) and 24''C (gen. II), respectively. Indispensable 
mortality (IM) exhibited similar trend as of mortality survivor ratio, where second 
instar larva of C septempunctata at 18°C (gen. I), 18/24°C (gen. I), 18/28°C (gen. I, 
II), third instar at I8°C (gen. I, II), 24°C (gen. I, II), 28°C (gen. I), 18/24°C (gen. I, II), 
24/28°C (gen. II), fourth instar at 18°C (gen. II) and 24°C (gen. II) did not show any 
mortality. The trend obtained for k-values was in accordance with indispensable 
mortality. The highest k-value (0.0605) was encountered at the egg stage at 24/28°C 
» 
(gen. II) followed by 0.0555 at the same stage but at 28°C (gen. I). While it remained 
nil at the second instar at 18°C (gen. I) 18/24°C (gen. I), 18/28°C (gen. I, II), third 
instar at I8°C (gen. I, II), 24°C (gen. I, II), 28°C (gen. I), I8/24°C (gen. I, II), 24/28°C 
(gen. II), fourth instar at 18°C (gen. II) and 24°C (gen. II), respectively. 
While comparing various life parameters on overall development of /. 
scutellaris on different temperatures, it was revealed that the maximum apparent 
mortality to the tune of 27.14% was at the pupal stage at 24*'C (gen. I) followed by 
18.18% at the same stage but at fluctuating temperature of 18/28°C (gen. I) and 
17.14% yet again at the same stage but at a constant temperature of 28°C (gen. I). In 
contrast, a cent per cent survival was encountered at the first instar at 24°C (gen. I), 
28°C (gen. I), 18/24°C (gen. I, II), I8/28°C (gen. I), second instar at 18°C (gen. I, II), 
24°C (gen. II), and pre-pupal stage at 24°C (gen. II), 18/24°C (gen. I, II). 
Variation in survival fi-action (Sx) was of high magnitude. When a comparison 
was made, cent per cent survival was evident at the first instar at 24°C (gen. I), 28°C 
(gen. I), 18/24°C (gen. I, II), 18/28°C (gen. I), second instar at 18°C (gen. I, II), 24°C 
(gen. II), 18/28°C (gen. II), 24/28°C (gen. I, II), and at pre-pupal stage at 24°C (gen. 
II), and 18/24°C (gen. I, II). An opposite trend* for mortality survivor ratio (MSR) was 
recorded as compared to Sx, where the highest ratio (0.37) was encountered at pupal 
stage at 24°C (gen. I). Nonetheless, the MSR remained nil at the first instar stage at 
24''C (gen. II), 28°C (gen. I), 18/24°C (gen. I, II), 18/28°C (gen. I), second instar at 
18°C (gen. I, II), 18/24°C (gen. II), 18/28°C (gen. II), 24/28V (gen. I, II), and pre-
pupal stage at 24°C (gen. II), and 18/24°C (gen. I, II). Indispensable mortality (IM) 
was in accordance with MSR. Comparative analysis exhibited that the highest IM of 
19% was at pupal stage at 24°C (gen. I) however, the first instar at 18/24°C (gen. I, 
II), 28°C (gen. I), 24°C (gen. I), 18/28°C (gen. I), second instar at 18°C (gen. I, II), 
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18/24°C (gen. II), 18/28V (gen. II), 24/28°C (gen. I, II), and pre-pupal stage at 24°C 
(gen. II), and 18/24°C (gen. I, II) did not exhibit any MSR. 
Constant temperature of 24°C (gen. I) revealed the highest 'k' (0.1375) at the 
pupal stage followed by 0.0817 at the same stage but at 28°C (gen. I), 0.0740 at pre-
pupal stage at 28°C (gen. I). In contrast, the minimum of zero was obtained at first 
instar at 24°C (gen. I), 28°C (gen. I), 18/24°C (gen. I, II), 18/28°C (gen. I), second 
instar at 18°C (gen. I, IIj, 18/24°C (gen. II), 18/28°C (gen. II), 24/28°C (gen. I, II), and 
pre-pupal stage at 24°C (gen. II), 18/24°C (gen. I, II). Total generation mortality 'K' 
was recorded to be of high order (0.2924) at 24°C followed by 0.2676, 0.2596, 0.2366 
at 18/28°C (gen. I), 28°C (gen. II) and 28°C (gen. I), and a low of 0.0809 at I8/24°C 
(gen. II). 
Similar attempts were made in the past to construct ecological life-tables in 
order to use them as the tools in the study dynamics of insects. Harcourt (1969) 
opined that these tables record a series of sequential measurements that reveal 
population changes throughout the life cycle of a species in its natural environment. 
When these measurements were related to the several causes of mortality, life-tables 
form a budget of successive processes that operate in a given population. Atwal and 
Bains (1974) inferred that the trend index value of less than unity pointed towards 
different mortality agents contributing to the generation mortality of C. partellus. The 
findings of Bilapte et.al, (1979) on H. armigera, Roy and Bains (1983) on Tryporyza 
nivella, Sharma and Bhalla (1992) on Metasyrphus sp., Rizvi and Pathak (1998) on S. 
obliqua, Dar (1998) on S. litura, Khurshid (2001) on C. septempunctata have 
strengthened the present findings. 
4.11 LIFE AND FERTILITY-TABLES 
4.11.1 C. SEPTEMPUNCTATA AT CONSTANT TEMPERATURES 
From tables (66 to 71) it was apparent that females oviposited during a 
definite period of pivotal age. The longest duration of natality of 21 day was 
encountered at 18°C, (gen. II) while the shortest of 9 days at 28°C (gen. I and II). 
There was a marked variation in egg laying capacity of C. septempunctata at different 
temperatures vis-a-vis generations. It was observed that the peak of egg laying 
(30.25%) took place at 28V (gen. II), on 34.5 day. In contrast, to a dip of 5.83% on 
57.5dayat 18V(gen. I). 
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When a comparison of the various parameters was made (Table 90.), it. was 
discerned that superior potential fecundity (211.65 eggs) was recorded at 18°C(gen. I) 
as compared to inferior of 75.70 eggs at 28°C (gen. II). High carrying capacity of 
62.96 was observed at 18°C (gen. I) against a low of 16.73 at 28°C (gen. 1). The 
maximum mean length generation to the tune of 55.70 days was at 18°C (gen. I) in 
contrast to minimum of 34.41 days at 28°C (gen. I). The accurate intrinsic rate of 
increase was of high order (0.096134) at 24°C (gen. I) against a low of 0.075091 at 
18*^ 0 (gen. I). Finite rate of increase did show variation but not of high magnitude. It 
was the maximum (1.10) at 24*'C (gen. I, II) and the minimum (1.08) at 18°C (gen. I, 
II) and 28^0 (gen. I). The insect reared at 18°C (gen. II) took the longest period of 
9.23 days for the population to double as compared to a low of 7.21 days at 24*^ 0 for 
generation I and II. Similarly, there was a marked effect of varying temperature on 
annual rate of increase of C septempunctata. The highest ARI (2E+015) was at 24°C 
(gen. I, II), and the lowest (8E+011) at 18°C (gen. II). 
4.11.2 AT FLUCTUATING TEMPERATURES 
The data (Tables 72 to 77) clearly revealed that maximum range of oviposition 
period (15 days) was recorded at a fluctuating temperature of 18/24°C (gen. I) and 
18/28°C (gen. I), and the minimum (12 days) at 18/28°C (gen. II). As far as, 
contribution towards egg laying was concerned, its highest-value (22.77%) was on 
38.5 day at 24/28°C (gen. I) and the lowest (8.79%) on 38.5 day at 18/24°C (gen. I). 
Maximum potential fecundity and net reproductive rate to the tune of 135.30 and 
40.36 were at 18/24°C (gen. I) while minimum of 74.35 and 18.80 at 24/28'^ C (gen. 
II), respectively (Table 90). Evidently, mean time required by C. septempunctata to 
complete its generation ranged between 37.15 to 44.92 days at 24/28°C (gen. II) and 
18/28*^ C (gen. I). Accurate intrinsic rate of increase exhibited extreme values of 
0.079212 and 0.096720 at 24/28°C (gen. I) and 18/24°C (gen. II), respectively. Slight 
variation with respect to- finite rate of increase was apparent at different temperatures. 
It was to the tune of 1.10 at 18/24°C (gen. I, II) and 1.08 at 18/28°C (gen. I), 24/28°C 
(gen. I, II). Higher doubling time of 8.75 days was at 24/28°C (gen. I) in contrast to a 
low of 7.17 days at 18/24°C (gen. II). Likewise, ARI was much higher (2E+015) at 
18/24°C (gen. II) against a low of 4E+012 at 24/28''C (gen. I, II). 
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4.11.3 /. SCUTELLARIS AT CONSTANT TEMPERATURES 
The tables (78 to 83) indicated that females laid eggs during a maximum of 11 
days at 18°C (gen. I) and minimum of 7 at 28°C (gen. II). The maximum contribution 
of natality (28.57%) was on 26.5 day at 28°C (gen. I) and the minimum (12.38%) on 
35.5 day at 18°C (gen. J). Variation in potential fecundity and net reproductive rate 
was quite considerable (Table 90), a high of 21.00 and 7.15 was recorded at 18°C 
(gen. I) and low of 13.20 and 1.95 at 28°C (gen. II), respectively. Highest mean length 
of generation (38.08 days) was at 18*^ C (gen. II) followed by a low of 25.38 days at 
28°C (gen. II). Furthermore, maximum net reproductive rate, finite rate of increase, 
annual rate of increase to the tune of 0.05557, 1.06, and 7B+08 were exhibited at 
18/24°C (gen. II) while the minimum at 28°C (gen. II). The corresponding values 
were 0.026291, 1.03, lE+004, respectively. A reverse trend for doubling time was 
observed wherein the maximum of 26.36 days was encountered at 28°C (gen. II) 
while minimum 12.44 days at 18/24°C (gen. II). 
4.11.4 AT FLUCTUATING TEMPERATURES 
It was well indicated from the data (Tables 84 to 89) that the total oviposition 
period of/, scutellaris to time of 7 days was recorded at 24/28°C (gen. I) and 6 days at 
18/24°C (gen. I, II), 18/28''C (gen. I, II) and 24/28°C (gen. II), respectively. However, 
maximum (30.98%) contribution of egg laying was on 28.5 day at 24/28°C (gen. I) 
and the minimum (13.91%) on 29.5 day at 18/28°C (gen. I). Considerable variation in 
potential fecundity (Pf) was evidenced (Table 91), wherein the maximum (13.50 
eggs/female) was at 18/24°C (gen. I) and the minimum (9.2) at 24/28°C (gen. I). 
Higher values for net reproductive rate, intrinsic rate of increase and finite rate of 
increase (2.94, 0.0375053, and 1.04), respectively were obtained at a fluctuating 
temperature of 18/28°C (gen. I) whereas a low of 1.58, 0.017876 at 24/28°C (gen. II) 
and 1.02 at 18/24°C (gen. I) and 24/28°C (gen. I, II), respectively. The highest mean 
length of generation (35.16 days) was at 18/24°C (gen. I) and the lowest (25.62 days) 
at 24/28°C (gen. II). Evidently, the maximum doubling time (38.78 days) and the 
minimum ARI (7E+002) were recorded at 24/28°C (gen. II), while the minimum 
(18.71 days) and the maximum ARI (7E+005) at 18/28°C (gen. I). 
While comparing the data for both the species at different temperatures vis-a-
vis generations it was revealed that revealed the total oviposition period of C 
septempunctata ranged between 9 to 21 days at 18*^ 0 (gen II) and 28°C (gen. I, II), 
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respectively. Highest natality of 30.25% was on 34.5 day at 28°C (gen. II) and the 
lowest of 5.83% on 57.5 day at 18°C (gen. I). The maximum value for potential 
fecundity (211.65 eggs/female) was at 18°C during the first generation and the 
minimum (74.35 eggs/female) at a fluctuating temperature of 24/28°C (gen. II). The 
net reproductive rate was recorded to be a high of 16.73 at 28°C (gen. I) and a low of 
62.96 at 18°C (gen. II). The longest mean length of generation 55.70 days was 
obtained at 18°C (gen. II) while the shortest (34.41 days) at 28°C (gen. II). Similarly, 
maximum value of accurate intrinsic rate of increase (0.096720 females/female/day) 
was encountered at 18/24°C (gen. II) and the minimum (0.075091) at 18°C (gen. II). 
As far as finite rate of increase was concerned, its superior value (1.10) was at 24*^ C 
(gen. I, II) and 18/24°C (gen. I, II) and the inferior (1.08) at 18°C (gen. I, II), 28°C 
(gen. I), 18/28°C (gen. I) and 24/28°C (gen. I, II), respectively. Doubling time 
exhibited pronounced variation, wherein the longest duration of 9.23 days was 
observed at 18°C (gen. II) and shortest 7.17 days at a fluctuating temperature of 
18/24°C (gen. II). The maximum annual rate of increase to the tune of 2E+015 was at 
24°C (gen. I, II), 18/24°C (gen. II) and the minimum (8E+011) at 18°C-(gen. II). 
I. scutellaris required a maximum of 11 days to complete its natality at 18°C 
(gen. I), whereas the minimum of 6 days was encountered at 24°C and 18/28°C for 
both the generations and '24/28°C for second generation. However, the highest 
contribution of egg laying (30.98%) was on 28.5 day at 24/28°C (gen. I) and the 
lowest (12.38%) on 35.5 day at 18°C (gen. I). Further, when potential fecundity and 
net reproductive rate were compared, they were found to be maximum 21.00 and 7.15 
at 18°C (gen. I) and the minimum 9.20 at 24/28°C (gen. I) and 1.58 at 24/28°C (gen. 
II), respectively. As far as, mean length of generation was concerned, it was a high of 
38.08 days at 18°C (gen. II) in comparison to a low of 25.38 days 28°C (gen. II). The 
respective higher values for intrinsic, finite, and annual rate of increase were 0.05557, 
1.06 and 7E+08 at 18/24°C (gen. II) against a low of 0.017876, 1.02 at 24°C (gen. I) 
and 7E+002 at 24/28°C, gen. I, respectively. The population of second generation of/. 
scutellaris, when reared at fluctuating temperature of 24/28°C exhibited highest 
doubling time (38.78 days) in contrast to a low (12.44 days) at a constant temperature 
.ofl8/24°C(gen. II).. 
It could be inferred from above findings that varying temperatures did 
influence the development of C septempunctata and I. scutellaris to a great extent. 
High temperature adver^ly affected both longevity and fecundity of both species. It 
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is in conformity with the work of Lai and Haque (1965). They opined that higher 
temperature was detrimental to adults of/. scutellaris. Whereas, Makhmoor and 
Verma, (1987) advocated that low temperature to a certain limit favoured higher 
fecundity During the course of investigation, it was also revealed that syrphid adults 
could survive for a short period. Such findings have been reported by a number of 
workers (Khan and Yunus, 1970; Patnaik and Bhagat, 1976 and Roy and Basu, 1977). 
While taking observations on potential fecundity of/, scutellaris it was found that this 
species could not deposit beyond 21 eggs/female. Lai and Haque (1965), Roy and 
Basu (1977), Singh and Malhotra (1979a), Radhakrishnan and Muraleedharan (1993), 
Singh and Singh (1994), Joshi et.al, (1998), and Rai et.al, (2002) also held the same 
opinion for low fecundity of this species. Singh (1994), Rizvi and Pathak (1998), and 
Pathak (1999) demonstrated that varying temperature greatly influenced the 
reproductive potential of insects. This further strengthened our findings. 
4.12 LIFE-TABLE STUDIES UNDER NATURAL CONDITIONS 
In order to gauge the vital statistics of C. septempunctata and /. scutellaris 
under natural conditions, studies were carried out for two consecutive years so as to 
get overall impact of abiotic and biotic factors on their population dynamics. 
4.12.1 AGE SPECIFIC LIFE-TABLE 
4.12.1.1 C. SEPTEMPUNCTATA 
From the tables 92-'93, it was evident that C. septempunctata completed its 
generation in 54 days in the year 2000-01 on L erysimi. The age specific survivorship 
(Ix) declined at a faster-rate during 2-4 days of development. This decline coincided 
with mortality at egg stage and juvenile age of the larvae. However, intermittent 
stability in Ix was encountered on 5, 8-14, 16-17, 20-21, 24-27, 32, 35-40 days. A 
high drop in Ix was revealed on 41, 45 and 46 days. Highest mortality of 9 was on 45 
day followed by 7 on 41 and 46^ day. 5 on 34, 42, 43, and 49"^  day. However, 
mortality in the range of 1 to 4 was on 2-4, 6-7, 15, 18, 19, 22, 23, 28, 30, 31, 33, 47, 
48, 50-54* day. The life expectancy (ex) declined throughout the generation except on 
day 3, wherein negligible increase was observed (Fig. 13). 
When studies were conducted during 2001-02, it was revealed that C 
septempunctata completed its generation in 55 days. It was further noticed that there 
was a reduction in survivorship on days 2-3, on 5-7, 11, 14-16, 18-24, 27, 29, 30. 33, 
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34^  42-45'^ day. On the contrary, the stabiHty in Ix was obtained at 4, 8-10, 12, 13, 17, 
24-26,28, 31, 32, 35-41'May. 
A death count of varying magnitude ranging from 1-7 was observed between 
42-55 days. The maximum mortality of 7 was on 46 and 49 followed by 6 on 52; 5 on 
20, 34, 45 and 1 to 4 on 2, 3, 5-7, 11, 14-16, 18, 19, 21-23, 27, 29, 30, 33, 42-44, 47, 
48, 50, 51, 54 and 55'*' day, respectively. As far as life expectancy was concerned, it 
reflected gradually declined till the end of generation with an exception of marginal 
increase on 6, 7, 20 and 34*'' day. 
4.12.1.2 /. SCVTELLARIS 
The population af 2001 required 40 days to complete its generation. There was 
a steep decline of age specific survivorship (Ix) during first 2-4 days. It kept on falling 
with few pauses on 9, 14, 17-20, 23-26* day. On all the other days, Ix decreased 
marginally. Mortality (dx) to the tune of 7 was on 28, 32 and 37''' day followed by 6 
on 11 and 29"" day. Nonetheless, 5 deaths each were recorded on 3, 10, 15 and 31^' 
day whereas, it varied between 1 to 4 on 2, 4-8, 12, 13, 16, 21, 22, 27, 30, 34-36 and 
38-40* day. The life expectancy (ex) showed gradual decline throughout the 
generation, except day 11 and 16 showing marginal increase (Fig. 14). 
Similarly, in the second generation, sharp plunge in Ix was noted on the first 2 
to 4 days followed by long and short pauses on 16, 18-20, 22, 25-28, 31 and 32"'' day. 
There was a prominent reduction in Ix on 3, 8, 13, 21, 34-37* day. As far as dx was 
concerned, it was 8 on 37 day, 7 on 13 and 34* day. However, deaths to the count of 6 
were exhibited on 3, 8,21 and 36* day followed by 5 on 4,14 and 35* day. On 2,- 5-7, 
9-12, 15, 17, 23, 24, 29,-30, 33 and 38* day the death coimts ranged between 1 and 4. 
Life expectancy got reduced gradually till the end of the generation however, showing 
insignificant increase on the day 4, 9 and between 13 to 15. 
When the data was compared for 2002, the Ix and ex exhibited the similar 
trend as of 2001. The population of second generation culminated within a period of 
35 days. There was a regular decline in Ix throughout the generation except on the day 
9, 13, 17, 20, 22,23, 30 to 32, where it remained stable. Maximum mortality of 9 was 
encountered on the day 8 followed 7 on 12 and 28, 6 on 7, 15, 26 and 33, 5 on 3, 5 
and 18. Similarly, mortality of 1 to 4 was on the day 1, 2, 4, 6, 10, 11, 14, 16, 19,21, 
24, 25, 27, 29, 34, and 35* day. Furthermore, a steady reduction in the life expectancy 
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(ex) was observed till the culmination of generation with the exception of slight 
increase on 8^  28_and 29*_day (Fig. 15). 
The initial drop in Ix as observed in all the generations at an early age interval 
was due to embryonic death or non-fertilisation. Further, intermittent decline in Ix 
would have been a result of the existence of abiotic and biotic stresses particularly 
unfavourable temperature along with the attack of the parasitoids and some unknown 
intrinsic factors. 
The derogation of Ix resulted in the corresponding enhancement of the 
mortality curve. It was stair-step like as opined by Odum (1971) for Jiolometabolous 
insects, Singh (1984), Choudhary and Bhattacharya (1986), Reddy and Bhattacharya 
(1988), Rizvi (1988). The survivorship curves were of standard type II and I as 
proposed by Deevy (1947) -and Slobodkin (1962). The life expectancy decline in the 
beginning of the generation was primarily due to the death at the egg stage, the later 
was due to the larval, mortality. With the advancement of insect age, the life 
expectancy dropped dovm gradually. 
4.12.2 STAGE SPECIFIC LIFE-TABLE 
4.12.2.1 C. SEPTEMPUNCTATA 
Perusal of data pertaining to apparent mortality, MSR, IM and k-values at the 
different stages of development and years revealed that the maximum values of 
14.63%, 0.17, 10.63 and 0.0257 were found at the pre-pupal stage during 2002. 
While, the corresponding minimum values were nix at the second, third instars during 
2001, and second instar 2002. The highest survival fraction was recorded at the 
second and third instar of 2001 and second instar of 2002. The total generation 
mortality was a high of 0.2076 during 2002 as compared to a low of 0.1367 in year 
2001. 
4.12.2.2 /. SCUTELLARIS 
In the year 2001, the maximum apparent mortality, MSR, IM and k-values to 
the tune of 26%, 0.35, 13, 0.1308 were at the pupal stage (gen. I) while the minimum 
of 3.53%, 0.04, 1.24, 0.0156 were recorded at the first instar (gen. II). The Sx 
exhibited 0.74 and 0.96 at the pupal of the first generation and the first instar larval 
stage of second generation, respectively. The total generation mortality 'K' was of 
0.4318 m the first and 0.4685 in the second generation, respectively. 
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The comparison of both the generations in 2002 revealed that apparent 
mortality, MSR, IM and k-values exhibited maximum values of 23.81%, 0.31, 11.25, 
0.1181 at the third instar and minimum of 9.64%, 0.11, 3.84, and 0.0440 at the. first 
instar of the first generation. A reverse trend for Sx was obtained, where the highest 
value of 0.96 was encountered at the first instar and the lowest, 0.76 at the third larval 
instar of the first generation, respectively. The total generation mortality was of high 
order (0.4815) in the second as compared to a low of 0.4437 in the first generation. 
High mortality recorded during the egg stage was attributed to the egg sterility 
and/or the inability of their eclosion. Abiotic and biotic intrinsic factors were 
considered to be the main cause of pre-pupal and pupal deaths of C. septempunctata. 
However, a parasitoid Oomyzus scaposus (Hymenoptera: Chalcidoidea: Eulophidae) 
also contributed its share to some extent for the mortality of pupae. On the other hand, 
/. scutellaris recorded higher mortality due to the hyper-parasitoids, a tachinid fly, 
(unidentified) at the larval stage and subsequently by Diplazon orientalis 
(Hymenoptera: Diplazonidae) at the pupal stage. The attack of hyper-parasitoids on 
the syrphids has also been reported by Schneider (1950), Patel and Patel (1969) and 
Desai and Patel (200$). 
4.12.2 LIFE AND FERTILITY-TABLE 
4.12.2.1 C. SEPTEMPUNCTATA 
It is evident fi-om the tables 104-05, that the females of C. septempunctata 
commenced egg laying on 34.5 day, which ended on 51.5th day during 2001, and 35.5 
to 52.5* day in 2002. More number of eggs were laid on 42.5, 43.5 and 44.5'^ day 
contributing more than 50% towards total natality in 2001. Similar was the trend in 
2002, the females produced more eggs between 43.5 to 45.5'*' day exhibiting a total 
share of 47% of the total egg laying. The potential fecundity and doubling time 
(155.85 eggs/female and 8.34 days, respectively) was more in 2001, as compared to 
2002, wherein the corresponding values were recorded as 136.95 eggs/female and 
7.64 in 2002 (Table 110). The superior values for net reproductive rate, mean length 
of generation, intrinsic rate of increase and annual rate of increase (51.10, 43.61, 
0.090739, 2E+014, respectively) were encountered during 2002 in contrast to inferior 
(35.00,43.12, 0.083087 and lE+013) in 2001. 
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4.12.2.2 /. SCUTELLARIS 
In the y&3x20Q\, I scutellaris laid eggs during a definite period of time (33.5 
to 39.5'*' day and 31.5 to 37.5* day) during first and second generation, respectively. 
The maximum contribution towards egg laying was encountered on 36.5 day 
(23.19%) followed by 35.5* day (22.29%) in first and 35.5* day (26.86%) and 34.5 
(20.49%) in second generation, respectively (Table 106-107). As far as potential 
fecundity, mean length of generation and doubling time were concerned, they were of 
high magnitude of 16.60 eggs/female, 35.98, 37.60 in first and low of 14.15 
eggs/female, 34.41 and 31.65 in second generation, respectively (Table 107). The 
second generation exhibited higher values for net reproductive rate (2.12), intrinsic 
rate of increase (0.021900 females/female/day) and annual rate of increase (3E+003) 
while corresponding figures in the first were 1.94, 0.018434, 8E+002. 
During the year 2002 (Tables 108-109), the females of the first generation 
once again oviposited during a definite period of pivotal age (30.5 to 37.5* day), the 
peak was on 33.5 (23.20%) and 34.5* day (24.75%). Whereas the- females of the 
second generation, commenced egg laying on 24.5 day and continued till 33.5 day. 
The maximum contribution was on 29.5 day (25.17%). Potential fecundity, net 
reproductive rate, intrinsic" rate of increase and annual rate of increase exhibited 
higher values (15.95, 1.84, 33.43, 0.018180, 8E+002) in the first as compared to low 
(14.30, 1.63, 28.07, 0.017500, 6E+002) in the second generation, respectively. 
However, the doubling time was slightly higher (39.61 days) in the second, in contrast 
to low (38.13 days) in the first generation. 
4.13 INCIDENCE OF HYPERPARASITOIDS OF THE PREDATORS 
During the course of investigations (Table 111),'it was foimd that C. 
septempunctata and /. scutellaris were attacked by hyperparasitoids. The two-year 
study demonstrated that Oomyzus scaposus emerged from the pupae of C. 
septempunctata. The extent of parasitisation was more (8%) during 2002 as compared 
to a low (6%) in 2001. The hyperparasitisation o^ I scutellaris was of high order at 
maggot and pupal stages. The maggots were parasitised by a tachinid fly 
(unidentified) while pupae by Diplazon orientalis. Both parasitoids exhibited varying 
degree of parasitisation. The former exhibited 9.52 and 11.72% whereas the latter 
21.5 and 28.9% emergence in the second generation during 2001 and 2002, 
respectively. It was observe J that maximum hyperparasitisation on both species of 
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predators took place during the first and second week of March coinciding with the 








































_ = 1 
























































































































































































































































































































s o r l -




o • * 
o o 
d d 
0 0 ^ 
o o 
d d 













































































































































































































































































































































































T f f N 
\0 " ^ 
d d 
s o O 
— CN 
d d 
f S • 'T 



























o d 0 0 
1 ~ <N 






























































































r s i 






























































1 - O 
o o 
— d 
s o OO 
























v-i r n 



































s • ^ b ) 
t^  







o o o o o o o 
o o o o o o o 
o o o ' o o o c > o o o c > o o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
O O 00 OO -"t 
o o o o o 
o o o o o 
o o o o o o o o o o o 
o o o o o o o o o o o 
o o o o o o o o o o o 
o o v O s ^ o o O O O O O O O O O O O O O O O 
o — —. p o o p o o p o o o o o o p o o 
0 0 0 0 0 0 . 0 0 0 C 3 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ' < » e N O O < N O O O 
0 0 0 0 0 0 0 0 0 0 ( S n * 0 < N t ^ O O O 
o o o o c i o o o o o o — t ^ o o o 
o o o o o 
o o o o o o o 
O O O O O O O O O O O O O v O v O O O i ^ x O O O O O ^ O O O O 
o o o o o o o o o o o o o — — f s P r - T f < N r - i N o 
o ' o o o o o o o o c i o o o o ' o o ' ^ — >/i"S — o o 
o o o o o o o o o o o o o o e o o o t N - ^ o o o o o o 
O O O O O O p O p O O O O T f < N O ^ 0 0 r > j p O O O 
O O O O O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O 
0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
O O O O O O O O O O O O O O O O O O O 
O O O O O O O O O O O O O O O O O O O f N ^ T j - _ 
O O O O O O O O p O O O O C O O O O o p — — O O 
O O O O O O O O O O O' O O O O O O O (S •^ tN Ci c> 
O O O O O O O O O O O O O O O O O O O O O O O O O 
o o o o o o o o o d o 
( M t M O O O O O O O O O 
o o r ^ v ^ p p o o o p p p p 
( N r n r r r S o O O O O O O O 
o o o o o o o o o o 
O O O O O ( N 0 0 0 C 
O O O O O — O O 
O O O O O O O O O O O O O O O 
• ^ O O O O O O O 
O O O O O O O O 
O O O O O O O C> 
O O O O O ' t ^ T T T T O O O O O O O O O O O O O O O O O O O O O O O — O O O O O O O O O O O O O 
o o c i o o o o d o o o o c ' c o o o o o c i o o c i 
O O O v O r S ' S - O O O v O O O O O O C O O O O O O O O 
o p o — — (N — p — p o o o c o o o o o p o o 
o o o o o o o o o o o o o o o o o o o o o o 
o o o o o o o o o o o o r o p o o a o o o p o o — r 
o c i o o o o o c i o o o o o o ' o 
S 5 S ^ S ; J i > p § o 
O O O O O O O O O O O - ^ O O t N ^ 
o o o o o o o o o o o o r - ( N 
o o o . d o o o o d o o o — oi 
o o o o < s i i ^ o o 
- ^ w - ^ r ^ - n S o o 
o o o o o o 
o o o o o o 
^ d d d d d d O O O O — — r-. P^  
TT <n o o 
^ [~ ob »o d d 








































































































































































































































































































































































































































































































































































































































































































































— o d d 
VO O 





















CQ C3 CO 






































































































r*^  fS ON rn 
(N <S — <N 
m O O r^  
w-i rn >o oo 
fsi <S — <N 
O ro O fO 
r^ ro rn rn 
oo 00 00 r^ 
r^ rS fn •^ 
00 <n <n 00 
en rn fO f*^  
»o <n trj »rj 
en ro tN <N 
•OO <ri rn *0 
o p oo'o 
o p o o 
o o o o 
15 S <7 ^  

































































































































































































































en en rn 
fS <M' fS 
en en en 
m rn in 
— c^  — 
00 00 00 
<N (N r-i 
en p rn 
T T ij -fl-
p 00 00 
•^ rn rn 
in in 00 
m m en 
00 U-l 00 
in m in 
o o o 
o o o 
r^  in 
o o •-








































































































(N rN cN en rN rn 
r^ (N rs rN rN <N 
m rn<^ m mrn 
rn 00 rn rn in .in 
(N — — rN •— rN 
p en p oo en p 
en en rn rN rn rn 
p rn o o p p 
•* -r TT •* It ir 
00 oo oo in 00 00 
en en en en rn rn 
00 00 in in o 00 
rN rN en en rn rN 
in 00 00 00 00 00 
m en m m «n in 
p p p o o o 
o ei o o o o 
n _ o m •? 
r~i E > V rn ^ 
S ^ W < J & 






















r s i r 4 r ^ i r 4 ^ - i c N r ^ ^ r ^ ^ r ^ ^ < N ^ > j r ^ i r ^ i ^ ^ ^ r j r 4 ^ ^ r ^ i r ^ ^ ^ r ^ i r ^ j r ^ i r ^ i ^ ^ r ^ ^ r 4 ^ ^ ^ ^ i r 4 f N r ' i ( N 
— r j (N — — — o 
C) o fn r^i 
o o O r n < o v ^ r n o o O r * ^ c ^ r n o « n o o o e o O f ^ f n o r n 0 0 o o o r o o o o o o o r ' i C s O 
r N i r ^ f * S r n ( N ' r n r o f n r ^ f ^ 
rn ^ ' Tt '^ * r*S ^ ^* ' I ' '^ ^ 
00 o o 
r«S Tf •^ 
i n o o « o r ^ r n o o f n r ^ « o c n r n o O f n m r n < o r o r n 
^ f^ ^ M- •^' rn ^ '^ * ^* Tt- Tf CO Tf TJ-' Tt T1-' Tt ^ 
so 00 o o 
r*S rn ^* ^* 
o o o o o o o o o r n o o c o o o o o o o o o o o o o o o o o o o o o o o o o o ' o o c o o o o o o o 
m ^ r n c c j f ^ ^ r r - r r r o r o r ^ m r ' l f p r o • ^ < ^ m ' ^ - ^ m T j " f * ^ r n r o f * ^ - < 9 ' ' * r o 
« ^ o o o o o o « / ^ v ^ o o o o o o O O O w ^ o o r o r n « r j i / ^ « o o o » o < n < o o o r n o o o o i o o o v ~ i o o » o > o o o 
f*^  rn r*^  rn r4 , r n r > 4 r * ^ r < ^ - T t c K r K r K r ^ f * S f ^ r c i c n c n r ^ r K c K r ^ r * ^ r n r K r n r ^ r n r ^ r ^ r ^ r K 





CS <N o 
0 < » 5 0 0 0 0 0 0 > r i o o c > w - i o o > n r o > r i r ^ 
<S<S — C N C N — ' < N — <N — — — (S — fS 
o o o o o o q o o o o o o o o o o o o w - t > o 
r-i r4 — '- ' — — — — (vi —° — (N — "^ 
o o m O w ^ o m v ^ t n o m o m » n f n o m o o o 
— —' o o — — — —' — — o — o —•—•—•—• — — 
m > n O O O f n o o O r « ^ r * ^ O f O O 
o o — — — — ' o — — —• — — -^ 
fN en 
00 O 00 ^- Ov 
r^ fo 00 oo 
a c ._ 
? ts •— 2 *^ T *V *? ^ ^ 
>>c£(yiiAOioioiaia. 
<N <N gS fo 
<~^  S E: S "^  
<o '^  r^ S f? 
o o J , .p. 
vo °^  K 2 
TT •— O o —: 
oo _•, •, ^ 
ra — •§ *0 
•c c/; ._ 
Ui U 22 CO 
,_ c 
c » o 
ra _ on t ; 
P> J i C 1 to < — ^ 
a : o ^ o : > : ^ H Q O ^ S £ O ^ N c^  
2 
o 

















f < i » n v - ( i o r n » o O i o r n > o > o r n w ^ « o w ^ * o * n r ^ o o o o » r i r n < ^ o o » o < ^ < ^ » o < ^ O f ^ < ^ < ^ 
o o o o o w ^ » o » o * n o o r o o o o o o o r o r ^ o o o » o r n c n o o o » n i o o O f O O o o o o o 
« n w ^ o o « r j O » o w i o o o v ^ o o o » r i o o o o o » r i 0 0 r ^ ^ to" oo «o oo oo oo oo »o oo oo o oo oo o 
0 0 0 0 < 0 » 0 » n O r * ^ t O t O O r O W ^ O O < ^ » / ^ 0 ' ^ 0 » O O O O r * ^ < ^ f n O O f O O < ^ O O C « ^ * ' * J 
c n w ^ » n o O r o O r n o r n o o u n * o O » / i » o » n r n r o r ^ v ^ O » r ) > O f n « o » o i o r ^ f n o o f n ' ' ^ 
lis 
— ^ - — CO 00 O 00 — O 
_ t^ 1^ op op A 
ON 
<N c-j So n rs 







3 ^ J : UJ T 


























































































O) r o 
- ^ tN 
(N r -
—' 0 















<o 0 > Di 
00 so r". 
0 0 rJ 
0 0 0 
p o o 
I - - O; vq 
0 0 m 
f ^ f^x 0 
—' — f^ 
so r^ r^ 
— — (N 
I ^ 0 0 
0 0 •<J^  
rn r^ r*^  
•— 0 rn 
p o p 0 « tn 
. m o m 
— 0 — 
r~ 0 r^ 
0 0 — 
p r~ r~ 
0 ' 0 ' 0 ' 
00 
4J ^ i-U 












































































O O s o r ^ ' ^ r ^ s o t ^ s O C O s O ( N ( N T f r s j T f T f ( N O m O O T f O S » n 
rsj — ^ 0 0 0 - ^ — — — — ' r ^ ^ ^ ^ — " — • ~ — ' — - o o — 0 
o o i ^ r ^ r - p p r ^ - o o c - ; p p r n p p r - - - o o ' ^ p p o p 
0 0 0 0 0 0 0 — o o o o o — o o o o o t N o o o o 
m O < N m m m r ^ r ^ f n t ^ p ^ p p r ~ ; O O O s r - ; f * ^ r ^ p m r n o r ^ 
r ^ < N ' ^ ' f S r s i - - f s r 4 r n - ^ r 4 * ^ ' ' ^ f S r ^ r 4 ' ^ f * S f N r 4 — — T f ^ 
r ^ m o o o t ^ s o T r r - ^ o c n o o s m o ^ r ^ o t ^ r o m r n m o m 
m — — c s i o ^ < N ( N r o f n < N r n O r s i r 4 r s i ( N r s i — - - — • — (N — 
o o i ^ r * ^ t ^ m t ^ r ^ t ^ o o s o s O s — • p m m m o p r o o r - o 
^ ' o r s i - — ' 0 — • m r ^ < N ( N O r n O - - O r n — - - ' o < N - - 0 ( N O 
( ^ r ^ t ^ O O p O s m . t ^ I ^ p f n p t ^ p r n p r n r o m p O m i p 
( N r n r 4 o o r > i > - ^ — O O - ' T r o — - ^ " ( N — - - • ' - ^ r n ' — - - O r * S o 
O s o o ^ ^ O t ^ ^ ^ l ^ ^ , O f * ^ t ~ ^ r - ; T f O r n p - ; r n O O p O r n O m 
— — r o o O O ( N < ^ i r g — • ' — r s ) r s i o - - " r v i ™ r n r s i o o — (N — 
o ^ ^ f n o ^ ^ p ^ ^ p ^ ( ^ m ^ ^ p r ^ p ^ - ; m p o t ^ ^ ^ m o o p 
c o o — O O O r s i f N f N — m < N O C > i O - - < N O O O — 0 ( N 0 
m p o o o p p m m o p p r - ; p p p r - ; i ^ o m f n o m p 
— 0 0 0 0 0 0 — — o O ( N — o o i o o o o — — 0 — — 
o p o o o p o p o o r - ; p p p p p p o o m p o r - - p 
o o o o o o o c o o o o o o o o o o o — 0 0 0 0 
t ^ r - o o o p i ~ - ; O O o p i ~ t - ; p p p p o o r - - ; p o m o 
0 ' 0" 0 ' 0 d 0 ' 0 ' c 0 0 0 ' 0 ' 0 0 ' 0 ' 0 0 ' 0 0 0 ' 0 0 ' — 0 
— ca r s 4 t N § o m r ^ s s i - - « i c « "o t o _ - P , ? > • = 
- s ^ - S ' ^ ? ' ^ o o ' 7 ^ ° ? r > _ j C i 0" ' — ^ n i B s " ^ — S 















































«0 Os <N r-^  O (N 0^ 
<N ^ tN rS <S fM* O 
Tt r*^  ^ O^ r^ >o r^ "^ ^ <N ^ r-^  —^ ^p 
—' (N (N (N Csl (N *N fS ^ 
O Tt r^ c^ OO OS rn OO O Tf 
<S <N (N fS —' fS (N *N (N r4 
o o o o o o o o o o o o o o o f n o t - ^ r > ; o r ^ o o p o o o o o o o o o 
o o o o o o o o o o o o o o o — o o o o o o o o o o o o o o o o o 
o < ^ o o r ^ r o o r ^ o r ^ r ^ o t ^ r ^ o r - - o o o c > o < N f n r ^ r - - r ^ 
^^ ^ — r^CNirJ — o r s i o — r s c ^ i o O r ^ ' r s i r 4 ' ^ ' ' < r T f r j r < i — — ( N O 
r-; o rn O (^ 
(N r j r^ (N f*S 
00 r^ O; oo sO en r-; 
f*^  rS CO f*^  r*^  ' l ' O 
t-^  O rn 

















f O f * ^ ^ ^ l ^ o t ^ - - • _ ^ n o ^ ^ _ ^ ^ O f n o o o ^ ^ o o ^ _ f * ^ t ^ ^ ^ o o 
fs t> t - r-; r*; o 
r^ o —• r>i o . <N 
f l O f^ O f^ r*^  
—* fS -^ rS -^ ~ 
f*^  Os O fn 
-^ <N oi —* 
o o 
r- r- rn r-
o -^ ^ r^ " 
t - ^ O r O ( ^ < N r o s O O O r ^ r ^ O O O O O O r n O 
r-^  — r*^  r^  r-- rn o 
<N (N — (N (N en (N ( N ^ ^ — 0 ( N c * S ^ ^ — (N O r>i 
| : ! O 00 — <n oo oo W (*sj i ^ %• I *^rf »*^ ^ ^ 
<N £N §0 f^ 
S E:; ^ "'^  
C^  r-- 5o r«^ 
A i • 
vo "^  
a d Z ^ 
ca cc a. oi ai US 
00 I 
-i ^ ua < J £: 




















































•^ _ (N NO r^ oo 
(N — <N —^ <N 
— ^ — fN O; 
f ^ (N rS (N (N 
rn r-^  00 t^ r-
r n o CO (N ^ 
ON ^ -n; r^ CN 
<N — r*^  (N r^ 
r^ r-^  ^ ON NO 
(N O CN) O (N 
<N T t (N o l ON 
o o o o o 
to o u "C SC 


































































































































































































CN 00 c»l 
— — — 
NO r~ o 
— — CN 
oc ON 00 
— CN — 
OO 00 00 
— — -^  
r - en ON 
d — o 
CN — O 
d — <D 
o o • -
' ' ^ gE^ 2 














0 0 CN 
— — 
. 






















































































(N fS CN 
— — — 
NO OO 0 0 
-J -^ ^ 
«Ai o m 
— ' CN — 
0 0 NO O 
— ' — CN 
CN t ^ r^ 
-^ d o 
O CN CN 
o d d 
"S X? 2 
trt — ' CO 
< J £; 





















































































































































































Table 13 Relative Performance of Different Insecticide Treatments on the 









































































































































Bold numbers are transformed values 
Table 14 Relative Toxicity of Different Insecticide Treatments on the 
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Table 16 Effect of Different Insecticide Treatments on the 














































































Bold numbers are transformed values 
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Table 26 Age specific Life-Table of C. septempunctata 18/28±1*C 
Generation I 
Jx dx lOOqx Lx Tx 
0 100.00 0.00 0.00 100.00 3806.00 38.06 
1 100.00 0.00 0.00 100.00 3706.00 37.06 
2 100.00 5.00 5.00 97.50 3606.00 36.98 
3 95.00 3.00 3.16 93.50 3508.50 37.52 
4 92.00 1.00 1.09 91,.50 3415.00 37.32 
5 91.00 0.00 0.00 91.00 3323.50 36.52 
6 91.00 3.00 3.30 89.50 3232.50 36.12 
7 88.00 2.00 2.27 87.00 3143.00 36.13 
8 • 86.00 0.00 0.00 86.00 3056.00 35.53 
9 86.00 • 0.00 0.00 86.00 2970.00 34.53 
10 86.00 0.00 0.00 86.00 2884.00 33.53 
11 86.00 0.00 0.00 86.00 2798.00 32.53 
12 86.00 0.00 0.00 86.00 2712.00 31.53 
13 86:00 0.00 0.00 86.00 2626.00 30.53 
14 86.00 0.00 0.00 86.00 2540.00 29.53 
15 86.00 1.00 1.16 85.50 2454.00 28.70 
16 85.00 0.00 0.00 85.00 2368.50 . 27.86 
17 85.00 2.00 2.35 84.00 2283.50 27.18 
18 83.00 1.00 1.20 82.50 2199.50 26.66 
19 82.00 1.00 1.22 81.50 2117.00 25.98 
20 81.00 2.00 2.47 80.00 2035.50 25.44 
21 79.00 0.00 0.00 79.00 1955.50 24.75 
22 79.00 KOO 1.27 78.50 1876.50 23.90 
23 78.00 3.00 3.85 76,50 1798.00 23.50 
24 75.00 0.00 0.00 75.00 1721.50 22.95 
25 75.00 0.00 0.00 75.00 1646.50 21.95 
26 75.00 0.00 0.00 75.00 1571.50 20.95 
27 75.00 0.00 0.00 75.00 1496.50 19.95 
28 75.00 3.00 4.00 73.50 1421.50 19.34 
29 72.00 1.00 1.39 71i.50 1348.00 18.85 
30 71.00 1.00 1.41 70.50 1276.50 18.11 
31 70.00 2.00 2.86 69.00 1206.00 17.48 
32 68.00 0.00 0.00 68.00 1137.00 16.72 
33 " 68.00 . 2.00 2.94 67.00 1069.00 15.96 
34 66.00 4.00 6.06 64.00 1002.00 15.66 
35 62.00 0.00 0.00 62.00 938.00 15.13 
36 62.00 0.00 0.00 62.00 876.00 14.13 
37 62.00 0.00 0.00 62.00 814.00 13.13 
38 62'00 0.00 0.00 62.00 752.00 12.13 
39 62.00 0.00 0.00 62.00 690.00 11.13 
40 62.00 0.00 0.00 62.00 628.00 10.13 
41 62.00 3.00 4.84 60.50 566.00 9.36 
42 59.00 4.00 6.78 57.00 505.50 8.87 
43 55.00 1.00 1.82 54.50 448.50 8.23 
44 54.00 1.00 1.85 53.50 394.00 7.36 
45 53.00 9.00 16.98 48.50 340.50 7.02 
46 44.00 7.00 15.91 40.50 292.00 7.21 
47 37.00 2.00 5.41 36.00 251.50 6.99 
48 35.00 1.00 2.86 34.50 215.50 6.25 
49 34.00 5.00 14.71 31.50 181.00 5.75 
50 29.00 3.00 10.34 27.50 149.50 5.44 
51 26.00 2.00 7.69 25.00 122.00 4.88 
52 24.00 1.00 4.17 23.50 97.00 4.13 
53 23.00 2.00 8.70 22.00 73.50 3.34 
54 21.00 5.00 23.81 lif.50 51.50 2.78 
55 16.00 6.00 37.50 13.00 33.00 2.54 
56 10.00 0.00 0.00 10.00 20.00 2.00 
57 . 10.00 5.00 50.00 7.50 10.00 1.33 
58 5.00 • 2.00 40.00 2.50 2.50 1.00 
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Table 92 Age Specific Life-Table of C. septempunctata Under 









































































































































































































































































































































































































Table 93 Age Specific Life-Table of C. septempunctata Under 
















































































































































































































































































































































































































Table 94 Age Specific Life-Table of/, scutellaris Under 







































































































































































































































































































Table 95 Age Specific Life-Table of/, scutellaris Under 

























































































































































































































































































Table 96 Age Specific Life-Table of/, scutellaris Under 
































































































































































































































































































Table 97 Age Specific Life-Table of/, scutellaris Under 
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Table 106 Life and Fertility-Table of/, scutellaris under natural conditions 
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Table 107 Life and Fertility-Table of/, scutellaris under natural conditions 
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Table 108 Life and Fertility-Table of/, scutellaris Under Natural Conditions 
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Table 109 Life and Fertility-Table of/, scutellaris Under Natural Conditions 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig.1 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig.1 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 2 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 2 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
C. septempunctata at 24±1''C and 70±5% RH (a) Generation I (b) Generation 11 
(a) 
Age In Days (b) 
E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 3 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
C. septempunctata at 28±1°C and 7015% RH (a) Generation I (b) Generation II 
Age In Days (b) 
E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 3 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
C. septempunctata at 28±1°C and 70±5% RH (a) Generation I (b) Generation II 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adul1 Period 
Fig. 4 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 4 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 










































E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 5 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 5 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 



















E=Egg Period, L=Larva( Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 6 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 6 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 7 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 














E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 7 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 












Fig.8 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 








Fig.8 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 9 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
/. scutellahs 28±1°C and 70±S% RH (a) Generation I (b) Generation II 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 9 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 10 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 10 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 





















E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 11 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 11 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 12 Age Specific Survivorship (Ix), Deatli (dx), Life Expectancy (ex) of 









E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 12 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 13 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 13 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 










E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 14 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 14 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
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Fig. 15 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 






E=Egg Period, L=Larval Period, PP= Pre-pupal Period, A=Adult Period 
Fig. 15 Age Specific Survivorship (Ix), Death (dx), Life Expectancy (ex) of 
/. scutellaris Under Natural Conditions (2002) (a) Generation I (b) Generation II 

Plate 1 Members of Insect-Pest Complex Harbouring Rapeseed-Mustard 
A. Bagrada hilaris (Painted bug, adults) 
B. Chromatomyia hordeola (Leaf miner) 
C. Pieris brassicae (Cabbage butterfly larvae) 
D. Athalia lugens p'roximaimustard sawfly, larvae and adult) 
StP^^ -'"^  
Plate 2 
A. An Overview of the Experimental Field 
B. Infestation of Lipaphis erysimi on Apical Shoot of Mustard 
"i'w--*- -Mivir 
0} ' ^') 
Plate 3 Different Stages Of Coccinella septempunctata 
A. Coccinellid Grub Feeding on L. erysimi Nymphs 
B. Pre-Pupae on Mature Mustard Pod 
C. Pupae on Herbaceous Weed 
D. Pupae on Mature Mustard Pods 
E. Adults on Pods 
D 
Plate 4. Different Stages of Ischiodon scutellaris 
A. Egg and Newly Emerged Maggot 
B. Second Instar Maggot 
C. Adult Male 
D. Adult Female 
u 
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